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PREFACE TO:SECOND EDITION. 


The revision of the volume was undertaken with the view of 
enlarging its scope and adapting it still more to the laboratory and 
class-room needs. That, in the reconstruction, radical changes 
were made is chiefly due to the objects aimed at, though no less, to 
the complete freedom enjoyed in carrying out the plan of the work. 

The principles underlying a determination are given in brief and 
the description of the operation is made as concise as possible. 

The method of derivation of factors (equivalents of unit volume 
of volumetric solutions) from equations is given in all typical cases 
and the calculation of results illustrated by examples or indicated 
by formule. 

Comments, or other explanatory informations thought necessary, 
are given as observations or notes on the operations. It is recom- 
mended that these be perused before any particular determination 
is first undertaken. 

While the introduction of many multiple methods had to be avoided, 
more than one method will be found included for certain substances. 
This was deemed advisable in order to furnish exercises for the 
student in checking results and of comparing the merits of dif- 
ferent methods. 

Direct percentage estimations, differing from other determina- 
tions only in the manner of calculation of the results, are no longer 
treated under a separate heading. 

The discussion of ionic state of electrolytes in solution has been 
extended to chemical reactions other than those of the indicators 
on the assumption that the teacher and the student using the volume 
are acquainted with the fundamental physical laws underlying ana- 
lytical chemistry ; for those to whom this will come as an innovation, 
it is sincerely hoped, such extension may serve as an incentive 
to turn some of their attention to physical chemistry. 

As the standard temperature that of 20° C. is recommended for 
adoption; however, the actual selection is left to the judgment of 
the analyst. ; : 

The atomic weights employed are those published for 1909 by the 
International Committee on Atomic Weights, the basis of which is 
oxygen=16. Attention is directed to the use, in this volume, of 
H=x.01 instead of the official 1.008. This rounded value, adopted 
by many, is used to shorten long fractions and to facilitate cal- 
culations. 

Pe Ve 

New York, June, 1900. 
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This manual is intended to serve as a systematic introduction to 
the principles of volumetric. analysis based on modern theories, 
Especial attention has been devoted to the theory of ionization and 
its application to indicators, also the necessary precautions as to 
dilution, temperature, and influence of disturbing elements—factors 
frequently overlooked in volumetric analysis. 

As a guide for the selection of a proper indicator, the detailed 
descriptions are followed by a table which should be consulted by 
the beginner before carrying out a saturation titration. 

The most important factor in volumetric analysis is the prepara- 
tion and accurate standardization of the reagent solutions; in view 
of this, several different methods of standardization, with practical 
examples, are given in each case in order that the operator may 
learn to properly check his work. 

Each different titration method is illustrated by one or more 
practical exercises which serve as aid to the student in the calcula- 
tion of the various problems which present themselves. 

In order to avoid possible confusion to the beginner direct per- 
centage estimations are treated under a separate heading after the 
general principles have been thoroughly considered. 

The readiness with which many standard solutions lose their 
titer on standing, the loss of time entailed in re-standardizing, also 
the convenience with which these empirical solutions may be pre- 
pared and utilized in titrating, led the author to devote a special 
section to this subject, which is continued throughout the text in 
the form of practical examples. 

Under the titrimetric methods of alkaloid estimation, it has been 
the endeavor to impress upon the operator the necessity of accu- 
rately observing such important conditions as the careful selection 
and application of indicators, the nature and volume of the solvent, 
the precautions necessary in handling the very dilute standard solu- 
tions, etc., for unless all these are fully complied with no reliance 
can be placed upon results. 

The didactic system (H= 1.000) of atomic weights has been 
adopted on the consideration that it is the oldest, most familiar and 
comprehensive to the student of chemistry. 


New York City. 
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VOLUMETRIC ANALYSIS. 


Gia ER ks 


INTRODUCTORY. 


Chemical Analysis, when it is concerned with the detection, sepa- 
ration and identification of the constituents of any definite chemical 
compound or the ingredients of a heterogeneous mixture, is known 
as qualitative chemical analysis. If, in addition, the quantity of 
the components present is determined, quantitative chemical analysis 
is performed. Since the presence of any such constituent to be 
determined must be known before the determination of the amount 
of it present can be undertaken, qualitative must precede quanti- 
tative analysis. 

Depending on the method of measuring, quantitative analysis is 
mainly divided into: 

Gravimetric analysis, 
Volumetric analysis. 

In gravimetric analysis the constituent to be determined is sepa- 
rated by itself or in some definite chemical combination of known 
composition and the weight of the isolated body is ascertained. 
Generally a small quantity of the sample is accurately weighed and 
dissolved. An excess of a reagent which precipitates the component 
desired is then added and the precipitate, after purification and 
drying, is carefully weighed. The product obtained being pure 
and of definite composition, the quantity of the constituent sought 
which is present in it is readily obtained from its weight by calcu- 
lation. It is to be well noted that in the gravimetric method of 
determination the exact weight of the product of a reaction serves 
as a basis for calculation of the results, no attention being paid 
to the actual quantity of the reagent or the strength of its solution, 
employed to produce it. In fact the exact amount of the reagent 
need not be known; addition of the reagent being almost always 
continued until an excess is present. 

In volumetric analysis the calculation of results is based on the 
actual quantity of a reagent required to completely react with the 
substance to be determined, no attempt being made to measure the 
amount of the product. In actual operation a small quantity of the 
sample is accurately weighed and dissolved. Solution of the proper 
reagent, whose exact strength at the time of the determination 
must be known, is then carefully added from a measuring vessel 
until the reaction that takes place is completed. From the volume 
of the solution of the reagent consumed by the sample, the quantity 
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quantity will be somewhat changed and will then be the exact equiva- 
lent of 8 Gm. of oxygen. The ratio of these two elements accord- 
ing to the 1909 table of atomic weights is H:O::1:15.87, while 
O:H::16:1.008, and therefore their equivalents are 2.016 of 
i= 716.08.0; 

The equivalent quantity of any reagent which corresponds to the 
unit of valence is in the case of acids dependent on their basicity, 
in bases, on their acidity and in the neutral salts on the number 
and the valence of the reacting atoms of an element which alone, 
or as constituent of a compound, takes active part in any par- 
ticular chemical reaction. Thus, for example, Normal V. Solutions 
of the following reagents contain in 1000 Cc.: HCl, M.W. = 36.47, 
contains 36.47 Gm.; H,SO,, M.W.= 98.09, contains 49.045 Gm. 
the acid being dibasic; NaOH, M.W.=4o.01, contains full amount 
40.01 Gm.; Ba(OH),, M.W.= 171.39, contains 85.695 Gms. being 
a diacid base; AgNO,, M.W.= 169.89, contains 169.89 Gm. the 
reactive Ag being monovalent; but potassium dichromate, M.W. 
—= 2094.4 contains, when used as an acid salt, 147.2 Gm. being dibasic, 
and 49.006 Gm. only, when used as an oxidizing agent, the molecule 
containing 3 active atoms of oxygen. In the same way potassium 
permanganate, M.W.= 316.06 contains 3.1606 Gm. in 1000 Cc. 
of XN V.S. because its molecule contains 5 active oxygen atoms. 

Fraction-Normal V.S. bear a simple relation to normal solutions 
and are mostly prepared from these by proper dilution. Sometimes, 
solutions stronger than normal are also used and these are made 
twice or other number times stronger than the normal. Therefore: 


Normal V.S. (N) contain in 1 Lt. a quantity of reagent equivalent of 8 Gm. 
of oxygen. Half-normal V.S. (¥) contain 3 of the quantity equivalent of 
8 Gm. of oxygen. Fifth-normal V.S. (¥) contain $ of the quantity equiva- 
lent of 8 Gm. of oxygen. Tenth-normal V.S. (.) contains 0 of the 
quantity equivalent of 8 Gm. of oxygen. Hundredth-normal V.S. (,%;) 
contain z4g of the quantity equivalent of 8 Gm. of oxygen. Double- 
normal V.S. (2N) contain 2 X the quantity equivalent of 8 Gm. of 
oxygen in 1000 c.c. 


Similarly are constituted solutions of other normal strengths. 

The adoption of this system of strength relations placed V.S. 
on an equivalent basis and their application became greatly extended. 
The quantity of a reagent in any volume of a solution of normal 
or fraction-normal strength is readily derivable and any volume 
of such solution must exactly correspond to an equal volume of any 
other solution of the same normal denomination. | 

Volumetric solutions of any known strength may be changed to 
solutions of normal strength. Let a standard solution be stronger 
than the nearest N-V.S.; then, by proper dilution, its strength may 
be reduced to normal; while, if the solution is weaker than the 
nearest normal V.S., a stronger standard solution of the same 
reagent may be added to it in such proportion as to bring its 
strength to the desired value, or, the reagent itself may be added. 
In that case—it being impracticable to adjust the strength directly— 
the reagent is added in amount sufficient to produce a stronger than 
desired solution and when the exact strength of this has been found, 
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diluting with the required volume of water. It is always necessary, 
however, after such adjustments have been made, to confirm or 
check the strength of the solution. This is accomplished with the 
aid of another exact solution of normal strength or with a definite 
quantity of a pure reagent with which the one in solution reacts. 

Since all V.S. change their strength more or less on keeping, 
adjustment to the normal strength, at best rather difficult, involves 
a considerable loss of time. 

Empirical V.S. are standard solutions of other than the normal 
strength. Normal V.S. when through any cause changed in value, 
become empirical V.S. Empirical V.S. are, therefore, the more 
common and are not as a rule converted into the nearest normal. 
Their exact strength when determined, is expressed in two ways: 
either as per cent. of the nearest normal V.S., or, the exact quantity 
of the reagent present contained in unit volume of the solution is 
indicated. If, for example, 30 Cc. of normal alkali were found 
to require, for complete neutralization, 32 Cc. of an acid, then the 
acid is weaker than normal and its value in per cent. of the N-V.S. 
is found by proportion: 


32530): ; [00324 =——03°75) per cent. 


This shows that 1 Cc. of the empirical acid corresponds to 0.9375 
Ce. of N alkali, or, equals as much of its own N-V.S. Therefore, 
when empirical V.S. are used in analysis, the number of cubic cen- 
timeters of any such solution consumed, multiplied by its percentage 
strength, give the volume of the nearest N-V.S. they equal. Since 
the quantity of a reagent in its normal V.S. is always known, it is 
not difficult to calculate the quantity of the absolute reagent in a 
unit volume of the empirical V.S. If, then, the acid under con- 
sideration happened to be HCl, of which by definition, 1 Cc. of 
N-V.S. contains 0.03647 Gm., then 0.03647 0.9375 will give the 
quantity desired. 

Standard Temperature.—To be accurate, all V.S. must be pre- 
pared at some adapted temperature called standard temperature, and 
should not be used without correction of their volumes if their 
temperature, at the time of determination, varies more than two to 
three degrees, either way, from the standard adopted. This stand- 
ard of temperature is entirely arbitrary, though in selecting it, such 
temperature should be chosen which most nearly represents the 
average working conditions of a laboratory during the year. 

The U.S.P. standard temperature, 25° C., is regarded by many 
to be somewhat high and though easily attained is not always con- 
veniently maintained, while that of 15° C. previously used and still 
recognized by other authorities is justly criticized as low. The 
lower temperature is found unsuited for exact measurements espe- 
cially in calibrating measuring vessels. When a vessel, filled with 
a liquid at 15° C., is to be weighed in a room the temperature of 
which is higher than 15° C., moisture will readily deposit on the 
outside of the vessel, making accurate weighing almost impossible. 
Nor is the lower temperature easily maintained on warmer days. . 


6 INTRODUCTORY. 


For these reasons and objections a temperature near the average 
of these two extremes is finding favor and wide application. Tem- 
perature of 20° C. will then be found most valuable, though 18° C. 
and also 17.5° C. are adopted by some. 

Correction for Temperature.—Correction of the volume of V.S. 
for temperature is necessary only when titrations have been made 
at temperatures outside of the limits specified, or when comparison 
of results is to be made with determinations carried out at some 
other standard temperature. Ordinarily, therefore, no correction 
is necessary. But as all liquids do not expand or contract equally 
for the same deviation in temperature, there being no general law 
of liquid expansion, different corrections, obtained experimentally, 
must be applied for each particular liquid. Some reagents, chiefly 
the salts, when dissolved in water, lower the temperature of the 
solvent, while others, such as the acids, increase it under similar 
conditions. The temperature of a solution should, therefore, be 
properly ascertained and brought to the standard before the solu- 
tion is measured. 

The rate of expansion is different for different reagents in solu- 
tion and varies also with the strength of the solution of the same 
reagent. In the case of water the rate is variable for the same 
number of degrees at different temperatures. To correct a volume 
of any solution for temperature, the rate of expansion of the solu- 
tion must be known. The following table gives the results of some 
experimental determinations: 


Taste SHOWING EXPANSION OF 1000 Cc. or A Liguip For 10° C. (WARMED 
FROM I5° TO 25°). A. SCHULZ. 
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Corrections can not be satisfactorily applied to strong solutions 
of the alkalies. In the case of the N V.S. corrections may be 
readily made by employing factors such as are given in the following 
table: 


TABLE OF FACTORS FOR CORRECTION OF oe V.S. FoR TEMPERATURE BASED ON 
NorMAL TEMPERATURE OF 20° C. 


Tempera- Correction Tempera- Correction 
ture. Factor. ture. Factor. 
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Tempera- Correction Tempera- Correction 
ture, Factor. ture. Factor. 
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The number of Cc. of a V.S. used in titration multiplied by the factor cor- 
responding to the temperature at which the solution is measured, gives the 
volume of the V.S: at 20° C. li, for example, 50 Co.-of a 4. V.S. at-10°.C, 
were used at normal temperature, their volume would be: 

50 X 1.00146 = 50.023 Cc. 


PREPARATION AND KEEPING OF VOLUMETRIC SOLUTIONS. 


The reagents used for V.S. must be of high degree of purity and 
distilled water should invariably be employed for the aqueous solu- 
tions. When standardized, V.S. are to be placed in clean bottles 
which, if not dry, are first rinsed with distilled water and then with 
several portions of the solution before filling. Bottles should be 
provided with well fitting stoppers, preferably of glass, except for 
solutions of the alkalies for which rubber stoppers are to be 
employed. Solutions of the alkalies have a tendency of becoming 
ropy if kept in closed bottles and not in contact with air; on this 
account air, free from CQO, and moisture, is allowed to enter the 
containers in which the solutions are kept by providing the stopper 
with a tube containing soda-lime (Fig. 25). The strength of V.S. 
should be redetermined at regular intervals which will vary with 
the solutions themselves, the exact strength found and the date of 
determination being carefully recorded. Those V.S. which change 
readily on keeping should be standardized at the time of their 
employment for titrations. All V.S. should be properly labelled 
and stored in a cool place and out of direct sunlight. Solutions 
which are acted on by light, such as silver nitrate, thiosulphate and 
iodine, V.S., etc., should be kept in dark-colored bottles, while those 
which suffer change by contact with the air may be covered with 
a layer of liquid petrolatum. Bottles containing very strong alkalies 
are readily closed with a tall, lipless beaker inverted over the neck 
of the bottle so that its rim rests on the shoulder of the bottle 
where a sealed joint is made with a ring of petrolatum. If, for 
any reason, it is necessary to filter a standard V.S., dry filter must 
be used and all parts of the solution be kept well covered during 
filtration to protect it from dust and to prevent vaporization. 


TITRATION. 


When to a solution of a sample the V.S. is added from a grad- 
uated vessel for the purpose of determination, the solution is said 
to be titrated. Titration may then be defined as the actual manipu- 
lation of adding and measuring the volume of V. solutions in 
determinations. Titration may be simple or residual. 
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Simple Titration requires the use of one V.S. to measure the 
amount of an ingredient in the submitted sample. 

In Residual Titration, two V.S., mutually reacting, are employed; 
one reacting with the ingredient to be determined is added in excess 
and the unconsumed reagent (in the excess of the V.S.) is deter- 
mined by titration with the other V.S. Residual titration receives 
its name from the fact that some of the V.S. first added is left 
over or constitutes a residue. This ti- 
tration is sometimes called “back titra- 
tion.” If the two V.S. employed in 
residual titration are of equal value, 
e. g., of the same normal strength, the 
volume of the first V.S. consumed by 
the sample is found by simple sub- 
traction. 

Titrations are best carried out in flasks, 
preferably those of the “erlenmeyer”’ 
shape as they allow proper mixing and 

Fic. 1. Titration Frasxs. ‘do not upset readily. These flasks should 
be flat-bottomed to permit ready obser- 
vation of the changes of color and should be of suitable dimensions. 
When a titration is performed, the tip of the measuring vessel should 
extend well into the neck of the flask, Fig. 2, to prevent loss; any 
solution adhering to the sides of the flask is to be washed into the 
flask when the end of the operation has been nearly reached. When 
the titration of the sample is to be performed in 
a stoppered flask or bottle, care should be exer- 
cised in opening the vessel, not to lose any of the 
contents. 

During titrations a white background under the 
flask will assist detection of the changes in color. 
For this purpose a white porcelain plate 4 X 4 is 
admirably suited, though a sheet of white paper 
will answer as well. Since titration is a quanti- 
tative operation it is evident that results will be 
materially effected through careless manipulation 
and incorrect reading of the volumes of V.S. used; 
hence much care and attention to details must be 
exercised in carrying out the operation. The solu- 
tions in burettes should be protected from dust 
which may readily be done by covering the burette 
with a dry test tube containing in the bottom a small 
plug of absorbent cotton. To prevent absorption 
of CO, by V.S. of alkalies, the burette should be 
closed with a rubber stopper carrying a soda-lime 
tube (see Fig. 25). 

Titration of Hot Solutions.— The measuring 
vessel from which any V.S. is delivered in titration Fie. 2, Posrrron 
of hot solutions should be protected from the heat —°#,BURETT» 1n 
radiated by such solution, otherwise vaporization of ; 
the V.S. would be greatly increased and readings could not be taken 
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except after proper cooling. Screening the lower part of the burette 
is not always practicable so that it is best to place the burette in 
such position as not to be directly over the hot liquid. This may 
be: accomplished by attaching a piece of glass or rubber tubing to 
the lower opening of the burette, in nearly horizontal position, Fig. 
3, the free end of this, terminating in a glass tip, being secured above 
the titration flask. In any case it is advisable to find the temperature 
of the V.S. and read the burette 
only at the standard temperature 
adopted. 

Titration by Weighing.—Titra-. 
tion may also be carried out by 
weighing the V.S. employed. For 
this purpose an all-glass burette, 
provided with a stopcock, so modi- 
fied in form as to permit of its 
suspension from the arm of a bal- 
ance, is employed; for this may 
be substituted a small, short stem 
separatory funnel. The quantity 
of the -V-S. used in a titration, 
which is carried out in the usual 
way, is obtained as the difference 
of the weighings taken before 
and after the titration. Weighing 
being less rapid than measuring, 
more time is consumed in this oper- 
ation; however, by weighing the 
V.S., more accurate results can be 
secured while the errors due to 
variation in temperature of the so- 
lution and imperfect draining of 
the burette are entirely eliminated. 

The End-Reaction.—In volu- 
metric analysis, as has already been 
stated, the V.S. of a reagent is 
added to the solution of the sample 
until the reaction that takes place between them is completed. When 
one of the reacting substances has a color, the change in color which 
it undergoes in a reaction will indicate that the reaction is com- 
pleted. Thus when the solution of potassium permanganate, which 
has a violet color, is added to hydrogen peroxide (colorless) in 
presence of sulphuric acid, the end of the reaction between them is 
indicated when a weak pink color is imparted to the titrated liquid. 
The hydrogen peroxide has then consumed all the permanganate 
it could react with, namely the chemical equivalent of its own weight ; 
and the minute quantity of the permanganate which colors the solu- 
tion indicates that all peroxide has been destroyed. It is true that 
in this instance, in fact in all titrations, the end of a reaction is 
indicated only when an excess of the V.S. of the reagent has been 
used; but in carefully performed titrations this excess will be so 
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small as to be negligible. However, to overcome any error due to 
this cause, which in certain titration may be considerable, the titra- 
tion should be, as a rule, carried out to nearly the same end-point 
to which the V.S. itself was standardized. With colorless or faintly 
colored reagents, or, in reactions involving no color changes, the 
end reaction can not be seen without the aid of some other agents. 
Thus hydrochloric acid may be mixed with a solution of sodium 
hydroxide in any proportion without the completion of the reac- 
tion or the excess of either being shown in any visible way. But the 
fact that both the acid and the alkali change certain vegetable 
colors when they act on them, is made use of for their detection. 
In titrations small quantities of one of these sensitive compounds 
are added for the purpose of showing the presence of an excess 
of the colorless reagents. The coloring matter, being affected by 
a minute quantity of the active reagent when in excess, serves to 
indicate that the reaction of one agent with another is completed. 
In other reactions the end-point is indicated by production of a 
precipitate, or when the product of a reaction is a precipitate, the 
end-point is indicated when such precipitate ceases to be formed. 

The end of a reaction may therefore be made evident through 
these indications: 

(a) Change in color of the reacting substances. 

(b) Formation of a precipitate, or no further precipitation. 

(c) Change in color of some other sensitive substance added for 
this purpose. 


INDICATORS. 


Indicators are sensitive substances used in titration for the pur- 
pose of showing (indicating) the completion of a reaction. Their 
selection depends on their sensitiveness toward the minutest excess 
of one or both reacting substances. They are used chiefly in solu- 
tions which should be carefully made and properly preserved away 
from light and dust. 

Methods of Ascertaining the End-Point.—Two methods are em- 
ployed. In the more common one, the indicator is added to the 
titrated solution at once or towards the end of the titration, the 
indicator reacting with one of the acting substances. In the other 
method which is used when the indicator reacts with both acting 
substances equally well, the indicator is mixed with a drop of the 
titrated liquid towards the end of the titration, a drop at a time 
being taken out and mixed with it outside the titrating vessel ; hence 
the designation: “drop end-reaction” or, “drop end-point.” With 
the drop end-point method a distinct reaction is obtained only when 
a considerable excess of the V.S. has been added, the error due to 
this cause increasing with the volume of the titrated solution. 
Further, by repeated removal of the test portions of the solution 
some of the sample is necessarily lost; titration in this way is, there- 
fore, more difficult and the results are apt to be less exact. The 
V.S. used in these titrations are chiefly empirical and are standard- 
ized by the drop end-point method, the titrations being then carried 
out to the same intensity of the end-reaction color adopted in their 
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standardization. In this way the error caused by an excess of the 
reagent is effectively minimized. When titration and standardiza- 
tion is not made at one time, control or blank titrations should 
be made. 

Blank Titrations.—To more accurately ascertain the end-point 
of a reaction in titration a solution known as blank solution is made 
and titrated. Such solution should be of nearly the same volume 
and composition, save that it does not contain the substance which 
is being titrated, and should be titrated, using a definite quantity of 
the indicator, to a distinct end-reaction. The coloration produced 
by one to two drops of the V.S. is usually regarded as the standard 
end-point. The titration of the sample is then made to nearly the 
same end-point. The volume of the V.S. consumed in the blank 
is then deducted from the volume of the same solution consumed 
by the sample. The importance of carrying out blank titrations 
of all the reagents used in the determination under as nearly iden- 
tical conditions as possible, and to the same end-point to which the 
sample is titrated, can not be too strongly emphasized. 
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Results in volumetric analysis are based on the exact volumes 
of the V.S. used in titrations. To measure such solutions accurately, 
it is important that the measuring vessels employed be carefully 
selected and accurately calibrated at standard temperature. Again, 
the exact weight of the reagent in any standard V.S. must be known 
while the correct weight of the sample taken for titration is also 
required, a good analytical balance is therefore as indispensable as 
are exact measuring vessels. 

Balance.—A short-beam, rapid weighing analytical balance of 200 
Gm. capacity and of sensitiveness to 0.2 Mgm. is required. The 
weights, best gold or platinum plated, should be exact. Their mutual 
agreement should be confirmed by trial and the proper corrections 
applied. 

Weighing.—Direct weighing is carried out in the usual way by 
placing the object to be weighed on one pan of the balance and 
adding the weights to the other pan until both are exactly counter- 
balanced, or, when the nature of the material permits it, adjusting 
the quantity of the sample by addition or removal until any desired 
weight of it has been secured. For weighing of most solids counter- 
balanced watch glasses should be used, while liquids are best weighed 
in small weighing bottles provided with stoppers. The use of paper 
in place of watch glasses for the purpose of supporting the material 
in weighing is to be discouraged; the weight of the paper is readily 
affected by atmospheric moisture, exact weighing being made im- 
possible. 

Weighing by Difference differs from direct weighing in that the 
quantity of the substance weighed out is obtained as the difference 
of two weighings. The sample is first weighed in a small, well- 
stoppered container, then a suitable portion is carefully poured out 
into a flask and the container, with the remaining substance, again 
weighed. By subtraction, the difference between the two quantities 
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is found and this constitutes the weight of the sample removed. 
To prevent any loss of the material removed from the weighing 
bottle the vessel which is to receive the portion for analysis should 
be .kept at hand in the weighing room. Weighing by difference 
is especially adapted to weighing changeable or volatile substances. 

Weighing by Substitution.—To overcome errors due to imper- 
fections in the construction of the balance, the weight of the sub- 
stance is found by counterbalancing it on one pan of the balance, 
carefully and exactly, with some suitable material such as brass, 
shot or tinfoil. The substance is then removed and replaced by 
the necessary weights which will then represent the weight of the 
sample. All weighing should be carefully and accurately made and 
the respective weighings at once properly recorded. 

Measuring Vessels.—As measuring vessels in volumetric analy- 
sis, burettes, pipettes, cylinders and flasks are employed. It is of 
importance that these vessels closely agree in their graduation. 
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Burettes.—Burettes are glass tubes of uniform calibre, narrowed 
at one end, the straight part of the tube being divided into cubic 
centimeters with suitable subdivisions into fifths or tenths. The 
Mohr burette, Fig. 4, is usually fitted with a piece of India rubber 
tubing to connect the discharging tip with the tapering end of the 
burette. The rubber tubing should be firmly fastened on with twine 
or thin wire, see b, in Fig. 5, as it is apt to slip off during titration. 
The flow of the liquid from this kind of burette is regulated by a 
pinchcock, c, in Fig. 5, or by means of a glass bead (section of 
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a glass rod) placed within the rubber tubing, while the volume of 
the discharge is controlled by varying the pressure applied to either. 
In the all-glass Mohr burette, Fig. 6, which is provided with a glass 
stopcock, the stopper should be regularly lubricated with a minute 
quantity of petrolatum or glycerin applied to its dry surface. 

Burettes, with rubber attachments, should not be used for certain 
V.S., such as potassium permanganate, silver nitrate, iodine, etc., 
the strength of these solutions being altered through contact with 
rubber, while the solutions of the alkalies, attacking glass readily, 
should not be allowed to remain in glass-stoppered burettes after 
titrations are completed. After use, burettes should be properly 
washed out and kept filled with distilled water. 
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Figs. 7 and 8. Gay-Lussac BurRETTES. 


The burettes illustrated by Figures 7 and 8, especially that of 
Gay Lussac, Fig. 8, from which the V.S. is poured out, are inter- 
esting forms of measuring devices. They are now obsolete and are 
little if ever used. 

When a standard solution is to be transferred to a burette, the 
latter should be perfectly dry. Drying of burettes is facilitated 
by forcing air through them. When not dry, the burette, before 
filling, is rinsed first with distilled water, then two or three times 
with small portions of the V.S. and is then allowed to drain, the 
wash portions of the solution being rejected. 

For titration, burettes are secured in a vertical position by clamps 
(Figs: 9 and 10), made of wood or metal. When the V.S. is dis- 
charged from a burette in titrations, the volume is measured from 
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the upper end down; its surface coinciding with the graduation 
marks on the burette, the volume removed is readily read off. 
Reading of Burettes.—Before reading a burette, sufficient time 
should be allowed for the liquid contained in it to cool, if it is 
warmer than permissible, and to collect or run off from the surface 
of the burette. The surface of water or of aqueous solutions in 
glass vessels is concave; this is easily seen in vessels of small caliber. 
When viewed in a horizontal plane, the surface presents an appear- 
ance illustrated in Fig. 11, known as the meniscus, in which two 
distinct boundary lines are seen, indicated at o and u, Fig. 11. 
Though the volumes indicated by each of these lines will differ, 
either line may be selected for reading as long as all succeeding 
readings are made in the same way. The lower dark line of the 
meniscus, being sharper, is usually preferred for reading. To 
facilitate reading with ordinary burettes, a white background (a 
sheet of white paper held behind the burette) is of service, though 
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a black and white surface will make the lines of the meniscus 


appear still sharper. 


Reading with this device is illustrated in Fig. 


12, the plate being so held that the edge of the black surface is 
brought a few millimeters below the surface of the liquid. The 
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dark lower line of the meniscus is thus sharply outlined, making 
reading easier and more accurate. Another device for reading is 


shown in Fig. 13. 

To diminish parallax errors in reading 
burettes, floats are often employed. These 
are bulbs of suitable construction to move 
freely in a burette and are weighed down 
so as to float in vertical position, Fig. 14. 
Around the bulb a circular line is etched 
which, if viewed in a horizontal plane, appears 
as a straight line. The float changes position 
with the rise or fall of the liquid in the 
burette, permitting reading against the circu- 
lar line around it. There being but a thin 
layer of the liquid between the float and 
the burette and a straight instead of a curved 
line being seen, reading becomes easier and 
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more exact, while measuring of much smaller volumes can be per- 
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formed with accuracy. For dark-colored liquids a two-bulbed 
float has been devised in which the upper bulb, not immersed in the 
liquid, serves for reading. 

Among some of the recent perfections in burette construction is 
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the production of burettes with opaque backs, known as milk-back 
burettes. Through the white back passes a straight longitudinal 
line of dark red or blue color, Fig. 15. When viewed through the 
liquid in the burette the dark line appears as a broad band con- 
stricted at a point in the meniscus, Fig. 16. Reading is made against 
this constricted point and becomes very easy and accurate. 
Burettes are usually filled by pouring the solution in through a 
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small funnel, though, like pipettes, they can be filled by drawing 
the liquid in by suction. If accidentally overfilled, the solution 
adhering to the outside of the burette should be carefully cleaned 
off to prevent its dropping into the titrated liquid. 

When many titrations are to be made with the same V.S. it is 
advantageous to attach the burette to a large container with the 
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solution from which it can be easily charged. One of a large num- 
ber of such arrangements devised is pictured in Fig. 18, which 
represents the burette joined to a syphon, the shorter arm of which 
extends into the container. Burette and syphon are connected by 
rubber tubing attached to a T-tube, Fig. 19, inserted between the 
burette and its tip. The outflow of liquid is controlled by the lower 
pinchcock, a, Fig. 19, the filling of the burette by the upper one, 
b, same figure. 

Burettes, which are to hold standard, CO,-free alkali are best 
filled by suction and should be closed with rubber stoppers carrying 
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soda-lime tubes, such as are used for keeping those solutions. 
See page 45. 

Pipettes.— Pipettes are tubes of small caliber, often bulbed (Fig. 
20) into which the liquid to be measured is drawn by suction applied 
to their upper end. When filled, this end is quickly closed by the 
finger and the liquid held in; on removing the finger the pipette is 
discharged. Pipettes are made to hold 1, 5, 10, 20, 25, 100, and even 
more, cubic centimeters; the larger to simply hold and deliver an 
exact volume, while the smaller ones are graduated and measure 
fractions of their capacity like the burettes. The 1 Cc. pipettes are 
graduated into 0.1 Cc. and into 0.01 Ce. Pipettes are read in the 
manner described for reading of burettes. When not in use, pipettes 
are best kept immersed in distilled water. For use, pipettes should 
be preferably dry; their drying may be hastened by forcing air 
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through them. If not dry, they should be rinsed first with distilled 
water, then with several portions of the solution to be measured 
and allowed to drain. 

Proper discharging of pipettes is of much importance. See Dis- 
charging of Pipettes, page 21. 
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Cylinders.— Measuring cylinders are graduated vessels standing 
on a flat base. When provided with a glass stopper they are known 
as mixing cylinders, Fig. 21. In capacity, they range from 10 Ce. 
to 1000 Cc. In consequence of their large caliber, measuring with 
cylinders is not very accurate. Cylinders should be properly cali- 
brated; the smaller ones especially are apt to be incorrectly gradu- 
ated. These vessels are mostly used for less accurate measurements, 
mainly to make solutions up to a definite volume, prepare V.S. by 
mixing, etc. 
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Measuring Flasks.—The most suitable flasks for measuring solu- 
tions are those with flat bottoms and long, narrow necks. Measuring 
flasks are made to hold, at standard temperature, volumes from 10 
Ce. to 2000 Ce. The exact volume a flask will measure is indicated by 
a circular line etched on the neck of the flask. Sometimes two lines, 
close together, are found thus marked on the neck, the lower line 
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then indicating the point to which the flask must be filled to measure 
any fixed volume, while the upper line indicates the point to which 
the flask must be filled in order to deliver that volume. The volume 
of a liquid occupying the space between the two lines corresponds 
to the volume of the liquid which remains adhering to the inside 
of the flask, after the liquid measured has been delivered and the 
flasks properly drained. Flasks are very serviceable for making 
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standard V.S., diluting solutions to definite volumes, and measuring 
larger volumes of liquids accurately. 


Fic. 22. MEASURING FLASKs. 


Calibration of Measuring Vessels.—The accuracy of any meas- 
uring vessel or the agreement of a set of such ought not to be 
assumed. Their adjustment, known as calibration, should be prop- 
erly made and the corrections, for differences found, applied. Since 
the volume of a liquid varies with changes in temperature it is 
necessary to calibrate all measuring vessels at the same standard 
temperature, preferably 20° C. The capacity of a vessel is found 
from the weight of distilled water it holds or delivers. The volume 
of one (1) gramme of distilled water, weighed in air at the standard 
temperature, is thus established as the unit of volume measure, 
commonly known as one cubic centimeter or one milliliter. The vol- 
ume of 1000 Gm. of water weighed in this way is then called a liter. 
This, of course, is not the true liter which is derived from 1000 Gm. 
of distilled water at 4° C. weighed in vacuo in a certain locality. 
However, it is not necessary to employ the true liter in volumetric 
work, nor would it be practicable to measure liquids at 4° C., the 
proper agreement of the measuring vessel being alone of impor- 
tance. The so-called Mohr liter is the volume of distilled water 
which in air, brass weights used, weighs 1000 Gm. 

A flask is calibrated to hold any specified volume, say 1 liter, by 
placing the clean dry flask of the required capacity with 1 Kg. weight 
on one pan of a strong balance, and counterbalancing them exactly 
with other weights, pieces of metal, shot, etc., but preferably with 
a duplicate empty flask and the necessary weights. The tooo Gm. 
weight is then removed and distilled water, at standard temperature, 
poured into the flask until the weights on the other pan are exactly 
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counterbalanced, care being taken that the outer surface of the flask 
is dry and no water adheres to the inner surface of its neck above 
the water surface. The flask is then removed, placed on a level sur- 
face and a strip of paper is pasted around the neck so that its upper 
edge coincides with the lower dark line of the meniscus. To per- 
manently mark the flask, the neck of the emptied and dried flask is 
covered with a layer of melted wax. When cooled, a fine circular 
line is cut in the wax with a knife close to the upper edge of the 
paper, by rotating the flask in its horizontal position, the neck being 
firmly supported. Solution of hydrofluoric acid is then applied to 
the groove with a small brush or feather, allowed to act two minutes, 
washed off with water and after melting, the wax removed by means 
of paper or cloth. 

The exact volume a flask will hold when filled to the mark 
etched on its neck, is then determined by filling the dry, tared flask 
with water at standard temperature, and weighing accurately. This 
should be repeated and the average of the closely agreeing weigh- 
ings taken. 

In order to calibrate a flask to deliver a fixed volume, for example 
1 Lt., the flask is well rinsed with distilled water, allowed to drain 
and then calibrated in the manner described. The mark to which 
it is to be filled to deliver that volume will, of course, be the 
upper mark. 

Discharging of Pipettes.—Filled pipettes may be discharged in 
several ways. Usually, the larger portion of the liquid a pipette 
contains is allowed to run out and the ORES T ONE small portion is 
then removed: 

(a) By shaking out the liquid, in which case a small quantity 
is always retained in the tip. 

(6). By forcing the liquid out with air (blowing it out). A 
drop of the liquid usually holds onto the outer surface. This process 
is further objectionable on account of the moisture introduced, in 
blowing out by the mouth. 

(c) By draining against the side of the receiving vessel or touch- 
ing the surface of the liquid in it; in this case the outside of pipette 
should be dry. This method, giving the best satisfaction, should 
be adopted. 

Washing out the contents of a pipette should not be practiced for 
obvious reasons. Pipettes not being calibrated to hold, like flasks, 
fixed volumes, the volume of a liquid measured in this way would 
be greater than indicated. Again, the pipette would retain some of 
the liquid used for washing out the solution and this would have to 
be removed before another portion can be measured with it. 

Graduated pipettes are easily operated if secured in a vertical 
position, like the burettes, the upper end being closed by a piece of 
rubber tubing with a pinchcock. 

Calibration of Pipettes.—Pipettes are calibrated only to deliver 
a fixed volume of a liquid. For calibration, a narrow strip of paper 
is pasted longitudinally on the stem of the pipette above the bulb. 
Distilled water, at standard temperature, is then drawn in to a 
selected point which is carefully marked on the paper. The pipette 
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is then discharged (see method (c), p. 21), into a tared weighing 
bottle and the exact weight of the water is found. For the second 
weighing performed, just like the first, the pipette should be filled 
so that the position of the surface of the water will deviate from 
the true volume as much as in the first but in the opposite direction. 
This position is approximately found in the following manner. 
Let us say that a 10 Cc. pipette, when calibrated, was filled first 
to a certain mark and the water it held weighed 9.68 Gm. The 
second filling should weigh somewhat more than 10 Gm. For the 
third filling the distance between the two marks on the stem of 
the pipette is divided in correspondence to the two weight devia- 
tions from 10 Gm. If necessary, more fillings and weighings are 
made until the desired point, at which the pipette holds 10 Gm. of 
water, is found. The exact volume the pipette holds is then found 
by several trials and the necessary correction registered and applied. 
The correct mark is then etched on the stem as a circle in the 
manner described under calibration of flasks. 

Calibration of Burettes.—Burettes may be calibrated like pipettes 
by weighing definite volumes of distilled water, at standard tem- 
perature, measured out from them, and noting the correspondence 
of weight to volume, or, a calibrating pipette, which delivers a 
definite volume when emptied, is used. The pipette is of about 5 
Ce. capacity and after being properly calibrated is attached to the 
lower end of the burette by a “T” tube in the same manner in 
which the burette is attached to a large container, Fig. 18. The 
pipette is then filled from the burette, using the upper stopcock, and 
is discharged by means of the lower one. By repeated filling and 
discharging the pipette until the burette is emptied, and carrying 
this out two or three times, the deviations observed are used to 
obtain proper averages for corrections, 

The agreement, in graduation, of two burettes is readily ascer- 
tained by discharging one filled with a liquid to its O mark into 
the other filled to the highest figure (the lowest mark) of its 
graduation. 

Cylinders are calibrated by measuring into them distilled water 
from calibrated burettes or pipettes, or, introducing into them defi- 
nite quantities, by weight, of water at standard temperature, and 
noting the volumes these occupy. 

It is important to have all measuring vessels drain properly so 
that no portion of the liquid may escape measurement. When a 
measuring vessel, especially a burette or pipette, is found to retain 
drops of liquid adhering to its sides, it should be first well washed 
out with water, next with a strong solution of a caustic alkali, allow- 
ing this to remain in it for some time, rinsing with water, and then 
washing out with a warm solution of chromic acid (potassium 
bichromate and sulphuric acid), finally washing well with water 
and allowing to drain. 


MANIPULATIONS. 


Since in measuring liquids numerous sources of errors are met 
with, the results of a single titration can not be trusted or accepted 
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without checking. Duplicate or even more numerous titrations 
should, therefore, be made. The number of such titrations neces- 
sary will depend on the circumstances of the operation, the nature 
and quantity of the sample, the skill of the operator, etc. Being 
carried out under the same conditions these titrations should agree 
closely ; this they will do if performed with due care. An average 
of several closely agreeing volumes obtained is then used for calcu- 
lation of the results. 

To weigh a given quantity of the sample for each titration, 
separately, in a series of titrations, would consume much time. The 
practice followed is to weigh a larger quantity of the sample 
accurately and prepare a definite volume of a solution of it. Aliquot 
portions of this solution are then carefully measured into the titra- 
tion flasks. By using the same pipette and draining it in the same 
manner, the same quantity of the sample may thus be taken repeat- 
edly with convenience and rapidity. Calculations are simplified if 
the solution of the sample to be divided by measuring is made to 
measure, in cubic centimeters, a volume io times the weight of the 
sample in grammes; 10 Cc. of such solution will then contain 1 Gm. 
of the sample. Thus, if 6.54 Gm. of a sample were dissolved and 
the solution made to measure 65.4 Cc., then 10 Cc. of the solution 
must contain 1 Gm. of the sample as seen from the following com- 
parison: if 65.4 Cc. contain 6.54 Gm. then to Cc. contain 1 Gm. 

Direct Percentage Expressions.—When it is desired to obtain, 
in titrations, a direct percentage expression of the purity of a 
sample, in Cc. of the V.S. consumed, it is necessary to take for 
analysis a quantity of the sample which is the exact equivalent of 
the weight of the reagent present in 100 Cc. of its V.S. Each 1 
Ce. of the V.S. will then represent I per cent. of the substance. 
Thus, in the determination of absolute sulphuric acid in a sample of 
this acid by titration with N alkali, 4.904 Gm. of the sample would 
have to be used for titration; this quantity of the absolute acid 
corresponding to 100 Cc. of N alkali. Since that quantity of a 100 
per cent. sulphuric acid would consume 100 Cc. alkali, each Cc. of 
the latter is thus made to represent I per cent. of the acid. Now, 
depending on the strength of the sample, only a certain number of 
Ce. of the volumetric alkali will be consumed by 4.904 Gm. of it 
and these will represent the percentage. .In some determinations 
one half or even one fourth of this equivalent quantity is used; 
1 Cc. of the V.S. will then correspond to 0.5, 0.25 or any other 
corresponding fraction of percentage, respectively. This rule holds 
for both normal and empirical V.S. It must not be overlooked, 
however, that equivalent quantities are all long fractions and are 
not easily weighed with accuracy. [urther, the quantity of the 
sample of a substance, whose purity is to be determined, should 
be sufficiently large to require, were the substance nearly pure, more 
than a few cubic centimeters of the V.S., but not so large as to make 
refilling a 100 Cc. burette necessary for one titration. The neces- 
sity of this precaution will be realized when it is remembered that 
in such titrations the smaller the quantity of the V.S. used, the larger 
will be any possible error due to measurement, end-reaction, etc. 
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If, for instance, a quantity of a sample be taken that would, to 
indicate purity of 99.8 per cent., require only 16.2 Ce. of a V.S., 
then 16.2 Cc. correspond to 100 per cent. and I Cc. corresponds to 
6.17 percent. Now, sinceo.1 Cc. must be regarded, in ordinary titra- 
tions, as the limit of accuracy in measuring, 0.1 Cc. is seen to be 
equal to 0.617 per cent. Unavoidable deviation of over 0.5 per 
cent., either way, can hardly be regarded permissible in determina- 
tion of a required purity of 99.8 per cent. 

These methods of adjusting the weight of the sample to the 
volume of the V.S. to be used for it, simplify determinations and 
facilitate their execution without sacrificing accuracy, only when 
judiciously practiced. Considering the advantages gained by a prac- 
tice which makes weighing and measuring more difficult in order 
that calculations be made shorter, it must be stated that they appear 
to be of doubtful value. 

Calculations of Results—When, in the determination, several 
titrations have been made and their average taken, the data for 
calculation are then as follows: 


Weight of sample used, represented by.........: W. 

VoliinerOiethewy.o-Consamed (ins Ce) ite cies Ve 

Equivalent quantity of the substance determined which 
corresponds to a unit volume (1 Cc.) of the V.S. 
== (factor): 


then by proportion: 
Wik OV 2 1002" 


eit BV 100 
Ga WwW 


—— per cent: 


Hence the rule: 

Multiply the value of one Cc. of the V.S. which is the quantity 
of the constituent determined represented by 1 Cc., by the number 
of Cc. of the V.S. used, then by 100 and divide the product by the 
weight of the sample (in Gms.) taken. 

Direct and Indirect Methods of Analysis.—Volumetric analy- 
sis is by direct method when the determination is made so that, in 
titration, the reagent in the V.S. reacts with the substance which 
is being determined. In the indirect method the V.S. is made to 
react with some product of another reaction, an equivalent quantity 
of which is produced or set free by the substance sought. Thus, for 
example, iodine in solution is determined directly by titration with 
standard sodium thiosulphate, while chlorine, free or available, is 
first made to act on a soluble iodide and the iodine liberated by it 
is then titrated with standard thiosulphate V.S. The amount of 
chlorine in a sample is thus found indirectly through titration of 
iodine. 

Factors.—The quantity of any substance determined which cor- 
responds to a unit volume (1 Cc.) of a standard V.S. is known as 
the equivalent or factor. For standard solutions of the normal 
denomination, this quantity is the chemical equivalent of the reagent 
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based on the unit of valence, and may be readily derived from 
an equation representing the reaction involved. The factors for 
the empirical V.S. are obtained from the weight of reagent present, 
or must be determined by proper titrations. 

In this volume the derivation of most of the factors will be given 
under the individual determinations. Some of these will be found 
cumbersome fractions, and, while their exact value will be given, 
some may be advantageously rounded off. This, however, should 
be left to the prudence of those more familiar with volumetric 
work; the student is urgently reminded not to alter their value. 


SUBDIVISIONS OF VOLUMETRIC ANALYSIS. 


. Determinations by neutralization. 

. Determinations by oxidation and reduction. 
. Determinations by precipitation. 

. Determinations by comparison of colors. 
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1. The reaction, on which a determination is based, must be a 
determinate one. Indeterminate or slowly proceeding reactions are 
not suited for volumetric methods. 

2. Measuring vessels should be properly calibrated; especially 
should their mutual agreement be as close as possible. 

3. Only pure reagents should be employed in volumetric solu- 
tions, and the samples to be titrated should be free from substances 
liable to modify, or in other ways affect, the involved reaction. 

4. The exact strength of volumetric solutions at the time of 
titration must be known. Of the sample, a quantity suitable for 
titration should be taken and accurately weighed. 

5. The temperature of volumetric solutions during titration should 
not deviate beyond specified limits from the standard temperature 
adopted. 

6. Volumetric solution should be made and standardized at stand- 
ard temperature and be kept in proper containers, well protected. 

7. Weighing and measuring. must be accurately performed, and 
several titrations should be made in order to check results. 
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DETERMINATIONS BY NEUTRALIZATION. 


NEUTRALIZATION REACTIONS. 


Determinations by neutralization are based on the well-known 
reaction between acids and bases in which neutral products are 
formed. This reaction is always an intense one. Just how these 
substances act and what part those elements, which give an acid or 
a base its individuality, play in these reactions, has been long 
unexplained. In recent years, physical chemistry, which, through 
its theory of ionic dissociation of molecules in solution, has thrown 
so much light on chemical reactions, advanced an explanation. 
Whether entirely satisfactory or not, this explanation is found to 
be a very useful aid in understanding the behavior of the reacting 
bodies. 

Acids are known to be compounds containing replaceable hydro- 
gen (H) and capable of neutralizing bases; just as bases, con- 
taining hydroxyl (OH) neutralize acids; the product of this mutual 
neutralization being a salt. In solution, through the influence of 
the solvent (water), acids, bases and salts dissociate or ionize, 
each ionized molecule being resolved into its positive and negative 
components or ions. The positive ions, called cations, carry a 
positive charge and the negative ions or anions carry an equivalent 
negative charge of electricity. Not all soluble compounds ionize. 
Those that do are known as electrolytes. Of the electrolytes, except 
in very dilute solutions, only a part of the dissolved molecules 
exists in ionized state; nor do all electrolytes ionize to the same 
extent. The extent to which acids or bases ionize determines their 
strength and is found to vary with the individual acid or base, 
while salts, with few exceptions, ionize to nearly the same extent. 

The ionized condition of a molecule in solution is represented 
by signs, which indicate the electrical character of the component 
ions. Cations are marked with the plus (++) sign, the anions with 
the minus (—) sign. Thus, to represent hydrochloric acid in ionized 
state, the symbols used are: H*-+ Cl; KOH is represented by: 
K++ OH-; KCl as K++ Ct, etc. All acids contain hydrogen (H) 
ions, all bases have hydroxyl (OH), salts being made up of other 
ions than these. Thus, acids and bases have, each among them- 
selves, a common characteristic. To what electro-negative ion the 
positive hydrogens (H) of an acid, or to what electro-positive ion 
the negative (OH) ions of a base are attached, is immaterial for our 
consideration of neutralization reactions. In the process of neutrali- 
zation an acid consumes a base, and vice versa, until one or both 
are completely used up. But chemical reactions are regarded to 
take place only between the ionized portions of the reagents, and, 
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since not all of their molecules present in fairly strong solutions 
are in the ionized state, it may be asked how can all the non-ionized 
molecules take part in a given chemical reaction, or, how can all 
hydrogens of an acid present, be measured by the hydroxyls of a 
reagent, when only a portion of these are ionized. That the action, 
in a reaction in which one substance is being neutralized by an 
excess of the other, does not stop as soon as the ions of the react- 
ing substances are alone used up, but continues until all, even the 
non-ionized molecules have reacted, is well known, the explanation 
of this being based on the theory of an equilibrium which is re- 
garded to exist in all solutions of electrolytes. When disturbed, 
through any cause, this equilibrium tends to become reéstablished, 
thus enabling the reaction to complete itself. Thus, in the case of 
acids and bases reacting, when some ions of the reagents are used 
up in production of non-ionized molecules of water, the equilibrium 
is disturbed and to reéstablish it, more of the non-ionized molecules 
of the reagents present in solution are forced to become ions. In 
this manner the disturbing effect on the equilibrium is immediately 
and continuously followed by additional ionization until a permanent 
equilibrium results, and the reaction becomes practically completed. 
In the reaction of: 


HCE: KOH = KCl. EO; 


by representing the reagents for the purpose of illustration as com- 
pletely ionized, the equation becomes: 


Bee CK OH == K-= Cl + HOH. 


- + 


This, of course, is only a partial representation of the changes tak- 
ing place, yet it shows that the K* and Cl ions remain as such— 
water molecules alone being non-ionized—though with increased con- 
centration of salt in the solution some would become non-ionized 
KCl. It is manifestly not the formation of a salt that causes an alkali 
and an acid, reacting, to neutralize each other, nor the attraction 
of the acid for the base that causes the reaction to proceed, but 
the cause is to be found in the fact that non-ionized water (HOH), 
which is composed of the acid and base characteristic ions, is pro- 
duced in these reactions. It need be stated that water itself is not 
entirely non-ionizable, but the quantity of its ions is extremely 
small, having been estimated to be the gramme-equivalent of its 
ions in one million liters, approximately. 

Acids are commonly recognized by their action on coloring mat- 
ters, turning, for example, blue litmus to red; the soluble bases 
changing the red color to blue. This characterization can not be 
rigidly applied, because there exist compounds, not belonging to either 
of these two groups, which are known to produce a similar reaction 
in solutions. Some of these, by definition neutral salts, react 
strongly alkaline, for example: the soluble carbonates, alkali cya- 
nides, as well as borates and sulphides, while copper sulphate, 
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mercuric nitrate and other salts in solution have an acid reaction. 
But these salts of themselves contain neither H* nor OH°™ ions. 
How is their behavior to be explained or accounted for? 

Since acid and alkaline reaction of a solution is due specifically 
to the presence in it of Ht or OH- ions respectively, the inevitable 
conclusion is that these ions must be present also in solutions of 
the named salts. Attention will, therefore, be turned to the solvent, 
water, which, as was shown, is made up of both of these char- 
acteristics of acids and bases. That water shows no reaction is 
due to the extremely small amounts of its ions. But even were it 
possible to have an increased concentration of the two ions present, 
no reaction could be seen, the quantities of these ions being at all 
times equivalent. Water and some other compounds are, on this 
account, called amphoteric electrolytes. The part which water plays 
in imparting to a neutral salt an acid or an alkaline reaction will 
appear from the consideration, first, of the nature of the salt thus 
effected. Both carbonates and cyanides of the alkalies are salts 
of strong bases with weak acids. Taking the simple case for illus- 
tration, it will be seen that in an aqueous solution of potassium 
cyanide, the following will exist: 


KCN, K+CN, HOH, H+ OH (small quantity). 


The salt KCN is strongly ionizable, while water is sparingly so; 
the solution will, therefore, contain a large quantity of CN- ions, 
though only few of H* ions. But the acid HCN being a weak 
acid is ionizable to only a slight extent, while the base KOH ionizes 
strongly, therefore, some non-ionized HCN molecules will be formed 
with an equivalent amount of those of the ionized KOH. The 
equilibrium being thus disturbed, to become reéstablished more 
water molecules are ionized and more of HCN and KOH produced. 
In this way the concentration of the OH- ions becomes measurable ; 
the solution reacts alkaline and contains free HCN, mostly in non- 
ionized state, which may be readily detected by its characteristic 
odor. The salts of weak bases and strong acids undergo similar 
changes; their solutions, containing sparingly ionizable bases and 
strongly ionizable acids, acquire an acid reaction. This action of 
water on salts in solution is known as hydrolysis. 

Ionization of an electrolyte may be increased by: increased tem- 
perature, dilution, reduction of pressure, etc. It may be decreased 
by: decreased temperature, increase of concentration, the presence 
of an ion in common with the one present, and by addition of other 
solvents. 

Effect on Titrations—Among the acids and bases the weaker 
electrolytes are titrated with difficulty, the end reaction being greatly 
influenced by the presence of the more ionizable salts formed. For 
their determination, residual titration is resorted to or some other 
solute, which overcomes the disturbing influence, is added. 
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INDICATORS. 


General Principles.—The indicators used in neutralization proc- 
esses are coloring matters, both natural and synthetic, which indi- 
cate the presence of acid ions (H*) or of basic ions (OH~) by the 
change in color they undergo. The change in color of an indicator 
is regarded to be due to the changes of its molecules from ionized 
to non-ionized state, or the reverse, though also to tautomeric 
changes of the molecules. The least ionizable indicators are the 
most sensitive; of this there is sufficient experimental evidence. 

To be able to undergo changes with minute quantities of H* or 
OH- ions, an indicator must be either acid or basic in character, 
though only weakly so for it should, when uncombined, exist in 
solution in non-ionized state. Indicators are used chiefly in solu- 
tions ; these should be well protected from dust and light. Solutions 
of indicators should be frequently examined and, if necessary, their 
neutrality reéstablished by cautious addition of diluted acid (H,SO,), 
or weak alkali (KOH), so that when five (5) Cc. are diluted with 
some water, they would respond to four or five drops of X alkali 
or acid V.S. 

Test papers of many of the indicators are prepared by saturating 
neutral filter paper with a solution of the indicator, and drying 
in a place free from acid or alkaline vapors. 

Theory of the Action of Certain Indicators —Consideration of 
the action of this kind of indicators is based on the well-known 
inequality of strength of the individual acids and bases, the acid 
or basic character of the indicator, and the ionizing action of the 
solvent. 

There are two views, or theories, in existence; the physico- 
chemical and the pure chemical. The pure chemical theory of the 
action of indicators considers the changes in color produced by 
acids and bases to be due to chemical (tautomeric) changes of the 
molecules of the indicator, while the physico-chemical theory as- 
cribes their action to the existence and behavior of ions in solutions. 
These two views, heretofore considered as opposed to one another, 
are now regarded as complementary. 

When in a titration an acid is being neutralized by a base, the 
reaction is considered completed as soon as a minute quantity of 
the base (OH? ions) is in excess. Conversely, the neutralization 
of a base is regarded.complete when an excess of the acid (H* ions) 
has been added. If, then, a coloring matter be present in these 
solutions which changes color with each of these kinds of ions, the 
presence of either ion and consequently the end of the reaction 
would be indicated. But, as indicators generally differ in their 
behavior, to discuss the physico-chemical theory of their action 
necessitates that certain of them be considered separately. 

One of the best known indicators for neutralization reactions is 
phenolphthalein, a synthetic organic compound of weakly acid char- 
acter. Being only sparingly soluble in water, the concentration of 
its ions is unappreciable. In solution, when in the non-ionized state, 
it is colorless, when ionized, it becomes deep red. In the presence 
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of acids (H* ions), its ionization, low as it is, is even diminished, 
being, on account of its weak acid character, depressed by acids. 
Its neutral or acid solutions therefore show no color. With strong 
bases it forms compounds which ionize readily, the deep red color 
of its ions appearing as soon as a base (OH ions) is present. But 
the moment the OH* ions are removed by the addition of an acid, 
the molecules of the indicator are set free by the acid, and not 
ionizing, the red color disappears. These changes are sharp, even 
with weak acids but with only strong bases. This peculiarity is 
believed to be due to the fact that a weak base, like ammonium 
hydroxide, does not readily combine with the weakly acid phenol- 
phthalein; any compound formed in small quantity undergoing 
hydrolysis? so that the red ions are not readily produced except by 
a large excess of the weak alkali. An excess of a weak base is not 
readily indicated by phenophthalein and the end-reaction, for this 
reason, is not reliable. But weak acids, even H,CO,, H,S, H,BO,, 
although relatively strong when compared with the indicator’s acid 
powers, readily decompose the ionizable salts of phenolphthalein 
with strong bases and discharge the red color. This behavior points 
to the usefulness of this indicator for the determination of weak 
acids and strong bases. 

Methyl orange, another valuable indicator, behaves somewhat dif- 
ferently. Methyl orange is a synthetic organic acid of medium 
strength used as the sodium or ammonium salt ; its molecules in solu- 
tion are pale red, its ions being intense yellow. Unlike phenolph- 
thalein it is ionized somewhat more itself so that its pure water solu- 
tion, which is of orange color, becomes yellow on dilution. On this 
account its changes in color lack sharpness. It reacts readily with 
even the weak bases, the salts formed ionize and the yellow color of 
its ions is visible. Strong acids decompose the salts formed, and the 
free, non-ionized molecules impart to the solution a red color. 
Weak acids, however, can not decompose the methyl orange salt, 
or do so only imperfectly; the color changing only when a large 
excess of the weak acid has been added. This behavior shows that 
methyl orange is useful in titration of all, even weak bases but only 
the strong acids. 

The difference in action of these two indicators is illustrated 
by their behavior in titrations of other than monobasic acids. For 
example, carbonic acid, when titrated in solution acts toward phenol- 
phthalein as a monobasic acid, the red color of the phenolphthalein 
ions appearing when the acid has all been converted into a bicar- 
bonate. But the same acid has no effect on methyl orange except 
when present in very large quantities. Phosphoric acid, when 
titrated with an alkali, is dibasic with phenolphthalein, the alkali 
added not affecting the indicator until two hydrogens of the molecule 
of the acid are replaced. The product of the reaction, Me,HPO, 
is evidently not basic enough to combine with the indicator. With 
methyl orange, phosphoric acid is monobasic; the yellow color pro- 

*In view of the other theory, phenolphthalein forms colorless salts, the 


colored ones being their tautomeric forms, the change being from benzenoid 
lactone to quinonoid carboxylic form. 
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duced by OH ions appearing when one of the acid’s three hydrogens 
has been replaced. The Me,HPO,, which then starts to form, 
is sufficiently basic to combine with this indicator and cause its ions 
to appear. 

Most indicators besides differing in their properties, such as solu- 
bility, color, ionizing power, basic or acid character, exhibit marked 
differences in their sensitiveness to acids and bases and, on this 
account, are variously classified. The grouping of Glaser, being 
based on their relative sensitiveness as well as other properties, is 
deemed of practical value and is here given to serve as a guide 
to their selection, though Wagner’s chemical classification is also 
presented. 


CLASSIFICATION OF INDICATORS USED FOR NEUTRALIZATION 
REACTIONS. 


I. Chemical Classification of Wagner. 


A. Indicators with the characteristic ion univalent : 
I. Containing anion. 
2. Containing cation. 
B. Indicators with the characteristic ion polyvalent: 
1. Containing both anion and cation (amphoteric electrolytes). 
2. Containing uni- or polyvalent anions or cations. 
Class A, 1. lodeosin, cochineal, flavescin, alizarin, orseille, p-nitro- 
phenol, rosolic acid, tropeolin OOO, curcumin W 
(curcuma), fluorescin, litmus, lacmoid phenolphtha- 
lein, Poirrier’s blue. 
These are the more sensitive the weaker their acid character. 
Class A, 2. Methyl violet, dimethyl amido-azobenzol. 
Class B, 1. Tropzolin OO, Congo red, benzopurpurin, methyl 
orange, ethyl orange. 
Give intermediate coiors on account of the presence of both ions. 
Class B, 2. Alizarin-sulphonic acid, gallein, hematoxylin, phena- 
cetolin. 


II. Practical Classification of Glaser 


Group 1.—In this group the indicators are either pronounced 
acids, or very weak bases. The latter form ionizable compounds 
only with strong acids, these compounds decomposing in the pres- 
ence of even weak bases, while the former, themselves acids, readily 
react with the weak bases. Their special value as indicators for 
titration of bases is thus apparent. For acids they are available 
only when the acids are strong. They are arranged in the order 
of their sensitiveness. 

Iodeosin, tropzeolin OO, methyl orange, Congo red, benzopur- 
purin, cochineal, lacmoid. 

Group 2.—Into this group belong all indicators of weakly acid 
character. They readily unite with bases to form unstable salts 
which even weak acids decompose readily. They are, therefore, 


1Glaser, Indicatoren der Acidimetrie und Alkalimetrie. 
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better adapted for the titration of acids than of bases, though they 
are employed for both. 
Fluorescin, phenacetolin, hematoxylin, gallein, alizarin, orseille, 
litmus, p-nitrophenol. 
Group 3.—Indicators of still weaker acid character than the pre- 
ceding are included in this group. They unite readily with only the 


strong bases, the compounds thus formed are decomposed by even \ : 


weak acids. They are very sensitive to acids, but not to bases except 
when the bases are strong. 
Rosolic acid, tropzeolin OOO, curcuma (curcumin W), fla- 
vescin, phenolphthalein, a-naphtholbenzoate. 

Comparison of Indicators.—The comparative acidity of two indi- 
cators, when required for the purpose of classification, is found by 
careful titration of their solution, acidified with HCl, with N KOH 
V.S. Those of stronger acid character change color before the 
weaker ones. By reversing the titration the order of the changes 
in color is also reversed. 

Effect of Indicators on Results in Titrations.—It would be 
natural to suppose that identical results can not be obtained with 
indicators belonging to different groups when used for the titration 
of the same substance and the same V.S. being used. This has 
been fully confirmed ‘by practice. If, for example, 10 Cc. of an 
acid require, with methyl orange, 9.9 Cc. of a standard alkali, with 
phenolphthalein 10.1 Cc. of the same V.S. must be used. The salt 
of methyl orange ionizes, has alkaline reaction and therefore neutral- 
izes some acid itself, while the phenolphthalein being weakly acid 
requires alkali:to be consumed in order that its red ions be produced. 

The Order of Titration—When two V.S., alkali and acid, are 
titrated one by the other as in their standardization, using the same 
indicator, two results, depending on the order of mixing, are ob- 
tained. The end-reaction produced by an excess of either the 
acid or the alkali V.S. will be correct only when titrations are made 
with the same V.S. In standardizing V.S. the order of titration 
will depend on the nature of the indicator as may be seen from 
the following: 

a. Titration of an acid with alkali; both in XN V.S. 


10 Ce. of acid, with methyl orange require 9.9 Ce. alkali V.S. 
10 Ce. of acid, with phenolphthalein require 10.1 Cc. alkali V.S. 


b. Titration order reversed; volumetric solutions the same. 


10 Ce. of alkali, with methyl orange require 10.1 Cc. of acid V.S. 
10 Cc. of alkali, with phenolphthalein require 9.9 Cc. of acid V.S. 


It will be observed that concordant results may be obtained with 
these two indicators only by titrating in the reversed order. 

Effect of Light and Heat on Titrations.—Some indicators, 
methyl orange, phenolphthalein, cochineal, Congo red, for instance, 
may be employed for titration in artificial light, others can not be 
so used. At best, titrations in artificial light, which is known to be 
much varied in color and intensity, are not reliable and should not 
be practiced ; best resuits require good daylight. 
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Few indicators permit titrations in hot solutions; most of them, 
however, are decomposed by heat or are made insensitive. 

The Quantity of an Indicator.—As a rule, only as much of an 
indicator as required to impart color to the titrated liquid should be 
used. The solutions of indicators are usually made of such strength 


Fic. 23. Scuuster’s DROPPER. Fic. 24. Droppine Botte. 


that two to five drops, added to 50 Cc. of distilled water, give sharp 
changes of color with a drop or two of % V.S. The stronger 
than N. V.S. will then react very sharply with this quantity of the 
indicator but, for the weaker V.S. (Nor ,4,), the quantity of 
the indicator must be reduced. The need for this will be apparent 
from consideration of the acid or basic character of the indicators 
spoken of under their classification. For dropping of indicators 
suitable dropping bottles are employed. See Figs. 23 and 24. 

Concentration of the Titrated Solution.—Since in titrations the 
changes in color do not depend on the quantity of the indicator 
present—smallest possible amount being used—nor on the quantity 
of the H or OH ions of the reagents added—the smallest possible 
excess being aimed at—it is evident that the concentration of the 
solution of the titrated substance becomes an important factor. The 
solutions should, therefore, be of nearly the same concentration in 
determinations as they are in standardization of the V.S. employed 
for them. 

Interference with Indicators in Titrations——Some substances, 
of themselves neutral, are known to interfere with the action of 
indicators when present in the titrated liquid. Alcohol and acetone 
are the more common non-ionizing solvents which act in this way 
when present in larger quantities (strong concentrations). Ammo- 
nium salts, being decomposable by alkalies and also those of zinc, 
magnesium, aluminium, chromium, tin and other metals, which 
form hydroxides with alkalies, will be found to interfere. When 
in titrations, precipitates are formed, these are apt to carry down 
the indicator in combination with them or through adsorption. 
Other soluble salts not giving precipitates, if present, will often 
affect the accuracy of the end-reaction. When practicable, such 
interfering agents should be removed previous to a titration, or 
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if that can not be readily done and a distinct end-reaction can be 
obtained in their presence, an equal amount of such substance should 
be titrated in a blank. 


DESCRIPTION OF INDICATORS. 
PHENOLPHTHALEIN. C,,H,,O,. 


Bases = red. Acids = colorless. 

Solution employed: 1 per cent. in alcohol. (U.S.P. Test Sol. 
contains dil. alcohol.) 

Properties.—A synthetic organic compound of weakly acid char- 
acter prepared from phthalic anhydride and phenol in presence of 
strong sulphuric acid. It is sparingly soluble in water, very soluble 
in alcohol to a colorless solution. Phenolphthalein ionizes to but a 
small extent; the non-ionized molecules are colorless, the ions have 
a red color. Traces of a strong base produce this red color when 
allowed to come in contact with it in solution. The base forms 
with it an ionized compound though a very large excess of it de- 
stroys the red color. Acids discharge the red color by their reac- 
tion with the ionized compound in which the colorless, non-ionized 
molecules of the indicator are regenerated. Phenolphthalein is 
very sensitive to most acids: The organic acids as well as the weak 
inorganic acids like HCN, H,S, H,CO,, B(OH),, etc.—but not 
H,SiO,—when brought in contact with it in solution decompose its 
feeble combinations with bases, and discharge the red color of its 
ions. With weak basic compounds, such as Na,HPO,, Al(OH),, 
NaHCO,, NH,OH, etc., it gives no reaction or reacts very imper- 
fectly and can not be employed for their titration. 

Uses.—Phenolphthalein is very useful for titration of acids in- 
cluding the organic, and for strong bases. Ammonium salts, when 
present in the titrated liquid, diminish its sensitiveness. As the end- 
reaction, the production of a pink color by titration with an alkali 
V.S. is more readily detected, and the excess of V.S. controlled, 
than the discharge of the red color by an acid, although this is 
quite contrary to the sensitiveness of the indicator. Phenolphtha- 
lein works well in artificial light and may be used in boiling solutions. 
Boiling with strong alkalies destroys it. Alcohol and acetone, when 
present in the titrated liquid, interfere with its sensitiveness. 

Phenolphthalein Paper.—Pure, unsized paper is immersed in the 
alcoholic solution of the indicator (see above), and after drying 
in a place free from dust and reactive vapors, is kept in a well- 
closed bottle. Its uses are limited to detection of alkalies in solu- 
tions, and as indicator for those titrations in which it is necessary 
or desirable to ascertain the end-point outside the titrating vessel. 


METHYL Orance! (N(CH,;),—C,H,— N=—=N—C,H,SO,H.) 
Bases = yellow. Acids =light red. 


Solution employed: 0.1 per cent. in water. To the aqueous solu- 
tion, N, sulphuric V.S. is added until it becomes turbid and red; it 
is then filtered. 


* Also known as helianthin, Poirrier’s orange III. or mandarin orange. 
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Properties.—An organic acid, the dimethyl azobenzene sulphonic 
acid. The indicator commonly employed is really the sodium or 
potassium ‘salt. The free solid indicator is violet-colored, the salts 
are orange. Completely soluble in water, the solution except when 
very dilute, is of orange (not brown) color, changing to cherry red 
with strong acids and to deep yellow on addition of a base. A 
hot, concentrated solution of the salt deposits on addition of an 
excess of HCl lustrous, violet plates (should not be brown). With 
few drops of gold chloride solution a red color is produced but 
no reaction should be seen when calcium or barium chloride is 
added. Methyl orange is an acid' of moderate strength and there- 
fore ionizes in solutions. Its ionization is increased by bases and 
depressed by acids. With bases it readily combines to form salts which 
however are decomposed only by strong acids; hence its greater 
sensitiveness to bases. Bases, including the weak ones, such as the 
Ca, Sr, Mg and NH, hydroxides, methyl and ethylamines, morphine 
and quinine, but not pyridine, aniline, toluidine, combine with it and 
may be titrated in its presence. Organic acids and the weak inor- 
zanic £i.CO,, Hs, HCN, As,O,, B(OH ),, etc., either do not react 
with it or react only incompletely. This indicator is, therefore, not 
suited for their titrations. Ferric, aluminium, chromium salts, the 
hydrosulphides and soluble bicarbonates do not affect it. Phosphoric 
and sulphurous acids act as monobasic acids towards it, the end- 
reaction taking place when one hydrogen of the molecules of these 
acids has been replaced by ametal. Soluble carbonates, bicarbonates, 
aluminates, deport themselves as bases toward methyl orange and 
may be titrated as such in its presence. The alkali sulphates and 
ammonium salts diminish its sensitiveness while nitrous acid (in 
HNO,) destroys its color. In such cases more of the indicator 
should be added when the end-reaction has been nearly approached. 

Uses.—On account of its greater sensitiveness to bases, methyl 
orange is employed for the determination of these and of only the 
strong acids. The end-reaction with a V.S. of the alkali is the 
more delicate; to most eyes, however, the change from yellow to 
red is much easier to detect than the reverse change. Titrations 
are, for this reason, often finished with a strong acid V.S. though 
that is contrary to actual delicacy of the end-reaction. Methyl 
orange should not be used in hot solutions. In artificial light it 
gives satisfactory service. The volume of the titrated solution 
should, particularly with this indicator, be kept nearly equal to that 
of the diluted V.S. employed in the standardization of the V-S. 
used. Of the indicator only a minimum quantity, or just enough 
to impart to the solution a distinct color, should be employed. For 
accurate results the titration with methyl orange should be carried 
out to the transition orange tint, as the end-reaction. One drop of 
the V.S. should then change the color either to red or yellow. 

Note.—For light colored (yellow) liquids the addition of indigo 
to methyl orange is recommended by C. Luther. The end-point is 
then indicated by a grey transition tint, or since there is a succes- 


1Though also regarded a base; the ions are claimed to be red, the non- 
ionized molecules yellow. 
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sion of colors produced which includes yellow, green-grey and violet, 
any one of these may be selected for the end-point. 

Methyl Orange Paper, Yellow. Methyl Orange Paper, Red.— 
These papers are prepared from the respective alkaline and acid 
solutions of the indicator obtained by cautious addition of the 
corresponding XN. V.S. They serve the same purpose as the phenol- 
phthalein paper, q. v. 


LITMUS. 
Bases = blue. Acids =red. 


Properties.— The pigment is obtained from certain lichens 
(Rocella tinctoria, R. fuciformis, etc.). Commercial litmus varies 
considerably in quality—usually contains chalk and gypsum—and 
in sensitiveness. As an indicator, its value depends on azolitmin, 
one of the color principles present in it. Azolitmin may be isolated 
and employed in place of the usual solution of litmus. To prepare 
a solution of the indicator, powdered litmus is macerated with boil- 
ing 95 per cent. alcohol to dissolve and remove from it the objec- 
tionable coloring matter, chiefly erythrolitmin. Three to four suc- 
cessive macerations, each lasting one hour and made with as much 
alcohol as the quantity of the sample, will extract all the undesirable 
constituents, any adhering alcohol being, after extraction, washed 
out with cold water. The residue is then extracted with five parts 
of boiling water, the solution thus obtained cooled and filtered 
when cold. 

-A solution of litmus kept away from air deteriorates, turning red 
on account of the activity in it of anaerobic microorganisms. By 
giving air a free access, this decomposition of the solution may be 
prevented; the bottle in which the solution is kept should be closed 
with a plug of cotton to keep out the dust. 

With acids, litmus gives a red color which bases change to blue; 
the transition color is violet. The solution of the indicator should 
be nearly neutral and should, when 5 drops of it are added to 50 
Cc. of distilled water, change color with one drop of %& alkali or 
acid V.S. If necessary, its neutrality should be carefully reéstab- 
lished. Neutral salts, nitric acid, nitrous and sulphurous acids, and 
hydrogen peroxide, do not interfere with its use as indicator in 
titrations. In artificial light litmus gives good results, the color 
changes appearing especially sharp if observed in sodium light; the 
red of acids then appears colorless and the blue of bases becomes 
blue-black. 

Uses.—Litmus occupies a position (see classification) between 
phenolphthalein and methyl orange, and as its properties indicate, 
is serviceable for titrations of the strong mineral acids and nearly 
all bases including ammonium hydroxide. It works well in the 
presence of oxalic and formic acids. 

Litmus Paper, Blue——tLarge strips of purified, white filter, or 
other unsized paper are immersed in the blue solution of litmus 
and then dried, suspended in a place free from dust, acid and 
ammoniacal vapors. 
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Litmus Paper, Red—Prepared like the blue paper. The red 
litmus solution is prepared from the blue by careful addition of 
very dilute hydrochloric acid until a red tint is just produced. 

Litmus Paper, Neutral.—Litmus solution for this paper is readily 
provided by mixing the two solutions, red and blue, in such propor- 
tions as to produce one of neutral or violet color. 

To be sensitive, the blue and the red papers must not be intensely 
colored. When dry, these test papers are cut into suitable narrow 
strips and are kept well preserved for use. 

Azolitmin, is a dark brown powder, sparingly soluble in water, 
insoluble in alcohol or ether. With bases it gives soluble salts of 
blue color, which acids turn red. For use, a I per cent. solution in 
water is prepared and made just blue with N KOH V.S. High 
price is the only objection to its use in place of the solution of litmus. 

Phenolphthalein, methyl orange and litmus are by far the most 
valuable indicators out of the rather large number used, or recom- 
mended for use, in neutralization reactions. With the exception 
of the alkaloids, the determination by titration of any acid or base 
may be made without the use of any other indicator. Their selec- 
tion for specific purposes has been set forth in their classification 
and detailed under their description. Briefly summarized, the indi- 
cations for these indicators are: 


For strong bases and most acids 

including the organic..... Phenolphthalein (may be boiled). 
For strong mineral acids and 

most bases, even the weak. . Methyl orange (in cold solutions), 
For most mineral acids 

and nearly all bases...... Litmus or azolitmin (cold or boiling). 


OTHER INDICATORS. 
Alizarin.—Diazoanthraquinon. C,,H,O,. 
Bases =red, | Acids = yellow. 
A solution of 0.5 Gm. in 100 Ce. of alcohol is employed. The 


end-reaction is sharper when the titration is finished with an alkali 
V.S. May be used in artificial light. 


Alizarin (S).—Sodium alizarin sulphonate. C,,H,O,N. 


The end-reactions are the same as those of alizarin. This salt is, 
however, more sensitive to alkalies and less to acids than alizarin, 
and gives in addition a red color with phosphoric acid or MeH,PQ,, 
while with the neutral phosphates violet color is produced. 


Benzopurpurin (B).—C,,H,,N,(SO;H)>. 
Bases=red. Acids = violet. 


Benzopurpurin acts like Congo red, q. v. To be employed as indi- 
cator the commercial article should be purified. This is usually 
effected by precipitating it from solution with HCl and drying on 
water-bath without washing. To prepare a solution, 0.5 Gm. of 
the powder is suspended in water and sodium hydroxide solution 
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added until dissolved, the solution, however, retaining a slight acid 
reaction (violet color). Benzopurpurin is of value for the detec- 
tion of minute quantities of ammonia in air. Paper, moistened with 
the solution and exposed to traces of ammonia, becomes violet- 
blue on drying. 


Cochineal. 


Bases = violet. Acids = yellow-red. 


A tincture of the unbroken insect is made by macerating 3 Gm. 
of cochineal in 250 Cc. of 25 per cent. alcohol during several days 
and filtering. The indicator thus obtained is of acid reaction and 
must be carefully neutralized before use, with very dilute ammonium 
hydroxide. Cochineal is valuable for titration of most bases, includ- 
ing NH,OH, but especially of the alkaloids. It may be employed 
in titrations of the inorganic acids but it is useless for the organic. 
Salts of iron, aluminium and copper, when present, impair its sensi- 
tiveness; boiling alkalies destroy it. It works well in alcoholic 
solutions. In place of the tincture a I per cent. solution of the 
coloring principle of cochineal, carminic acid (C,,H,,O,,) is some- 
times used. 


Congo Red.—Sodium diazo benzidin naphthionate. 
Gu HlN. (oO, Na)s, 
Bases = red. Acids = blue. 

Red-brown, soluble in water and in alcohol. To prepare a solu- 
tion of this indicator, 0.5 Gm. of it is dissolved in 90 parts of water 
and 10 parts of alcohol added. Useful for inorganic acids and most 
of the bases, including the more basic alkaloids. Neutral salts of the 
alkali and alkaline-earth metals, when present in a large quantity, 
make its color changes indistinct. Nitrites destroy it but H,S and 
H,SO, do not affect it. Titrations in which Congo red is used 
should be finished with the alkali V.S. Not to be employed in 
hot solutions. 


Corallin-Malachite Green. 


Bases = purple. Acids = green. 

Yellow corallin, which is a mixture of many substances, is used 
as an indicator, like rosolic acid. To make it available for titrations 
of colored liquids (wine, cider, vinegar, etc.) the addition of mala- 
chite green has been recommended.*’ A solution of 3.1 Gm. of 
corallin, or commercial rosolic acid in 150 Ce. of 96 per cent. alcohol 
is prepared, neutralized, and to the solution is added 0.5 Gm. of 
malachite green, dissolved in 50 Ce. of alcohol. 


Curcumin (W).—C,,H,,O.H,(SO,Na),.. 
Bases = red. Acids = blue. 


Solution of 0.2 Gm. of the salt in water has a greenish color and 
is employed like turmeric, q. v. 


*E. G. Runyan, J. A. Chem. Soc., 1901, p. 402. 
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Fluorescin.—C,,,H,,Og. 


Bases = yellow-green fluorescence.  Acids=yellow. 


Dark yellow crystalline compound prepared from resorcin and 
phthalic anhydride. Sparingly soluble in water and in dilute 
alcohol; readily soluble in acetic acid. For use, to 0.05 Gm. of 
fluorescin dissolved in 50 Cc. alcohol are added 50 Cc. of water. 
The indicator is very sensitive to alkalies in alcoholic or in ethereal 
solutions. One drop of a XN VS. of an alkali produces a distinct 
fluorescence. Salts of the alkalies do not affect it, but those of the 
alkaline-earth metals diminish its fluorescence. It is most sensitive 
when used in aqueous or alcoholic solutions covered with ether. 
In titrations with fluorescin, the titrated liquid must be clear, as any 
turbidity interferes with the sensitiveness of the end-reaction, and 
must be viewed in reflected light against a black background. The 
indicator is very serviceable for titrations in colored liquids, such 
as the solutions of alkaloidal residues ; it may be used in hot solutions. 


Gallein.—(Ccerullin.) C,,H,,O,. 
Bases = bright red. Acids =light brownish-yellow. 

A condensation product of phthalic anhydride and pyrogallol. 
Occurs as greenish crystals or red-brown powder, soluble in alcohol, 
sparingly soluble in ether. Used as 1 per cent. solution, I part 
being dissolved in 50 parts of alcohol and the solution diluted to 
100 with water. Employed in titration of alkaloids. 


Hematoxylin.—C, ,H,,O0,. 
Bases =violet to purple. Acids =vyellow-orange. 

A yellow crystalline principle obtained from logwood (Campechy 
wood). It is insoluble in water, soluble in alcohol. Exposed to air 
its color darkens. Solution of 0.2 Gm., in alcohol 100 Cc., is em- 
ployed as indicator. With Ba(OH_), solution blue color is produced. 
Hematoxylin is suitable for titration of strong acids and bases and 
is recommended for some alkaloids. In artificial light, especially the 
yellow light of sodium, its color changes are readily distinguishable. 
It also serves as an extremely sensitive reagent for copper in solu- 
tion; I part of Cu in billion is said to give blue color with it. A 
tincture of logwood has been employed in place of hematoxylin. 


Todeosin.—Tetraiodofluorescein. C,,H,I,O,. 
Bases = pink. Acids = colorless. 


Brick-red powder, soluble in alcohol, acetone, and only sparingly 
soluble in water or in ether saturated with water; insoluble in pure 
ether or benzole. For common titrations, a solution of 0.1 Gm. 
in 100 Cc. of alcohol is employed. It is very sensitive to bases with 
which it gives a pink color. Acids discharge the color on thorough 
shaking. For too Cc. of the titrated liquid about 5 drops of the 
indicator are used. If an alkaloidal residue is to be titrated, its 
solution in standard acid is diluted to measure 100 Cc. To the 
acid liquid 20 Ce. of ether are added, the mixture well shaken and 
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then titrated with a standard alkali V.S. of which small portions 
are run in, shaking after each addition until the aqueous layer takes 
on a distinct pink color, the shaking towards the end of the titration 
should be more vigorous. To detect or estimate minute quantities 
of alkalies (such as dissolve out of glass), an ethereal solution of 
the indicator is employed which is prepared by dissolving 0.002 
Gm. of iodeosin in 1000 Cc. of neutral ether previously saturated 
with distilled water. Titrations are best performed in closed cylin- 
ders. These cylinders or other titration vessels should, before use, 
be washed out by boiling distilled water in them for several hours. 
Employed for the weaker alkaloids. Phosphoric acid is monobasic 
with iodeosin, giving, it is claimed, a sharp end-reaction. With 
barium hydroxide V.S. it should not be employed. Works best in 
an alcoholic solution. 


Lacmoid.—Resorcin blue. C,,H,O,N. 
Bases = blue. Acids = reddish. 

Lacmoid is prepared from resorcin and sodium nitrite. It is 
insoluble in alcohol, acetic acid, acetone or phenol; sparingly solu- 
ble in water or in ether; insoluble in chloroform, petroleum, ether or 
benzol. The commercial article is mostly impure and often entirely 
unsuited for use as an indicator. Good specimens of it color water 
intensely blue, the alcoholic solution being blue-violet, but not brown. 
To prepare a solution, the selected sample is dissolved in 12 parts 
of 20 per cent alcohol, the solution filtered and evaporated in vacuo 
over sulphuric acid. Of the residue thus obtained, 0.2 Gm. is then 
dissolved in 100 Ce. of 96 per cent. alcohol for use. Lacmoid resem- 
bles litmus in properties and reactions, though it is more sensitive 
to bases than to acids, permitting the employment of very weak 
alkali V.S. Used for the titration of strong acids and most bases 
including ammonium hydroxide. Nitrous acid interferes with its 
sensitiveness. 


Orseille. 
Bases = violet. Acids ==red. 

In certain lichens the principal coloring matter is orcein, the 
mother substance of the coloring principles of litmus. Solution of 
it is prepared by digestion of 5 Gm. of orseille in 95 per cent. alcohol 
during two hours on water-bath, filtering and making solution up 
to 100 Cc. The rose-red solution is not changed by acids but gives, 
with bases, a violet color. 


Paranitrobenzen.—Azo-a-naphthol sulphonic acid. 
(NOC ESO EeNia-N CHO.) 


Bases = purple. Acids = yellow. 


This indicator is said to resemble phenolphthalein in its action 
(J. T. Hewit, Analyst, 1908, 33, 85), acting in hot or cold solutions, 
from which it, however, differs in that its color changes are not 
affected by acetone or alcohol, and an excess of an alkali does not 
destroy the purple color. 
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Note: Paradimethyl-aminoazobenzene-o-carboxylic acid, styled 
“methyl red,’ has been recommended as a very sensitive indicator 
to alkalies by Rupp and Loose, permitting the use of NN, V.S. It is 
almost insoluble in water but more soluble in alcohol; a 0.2 per cent. 
alcoholic solution is employed. With bases = yellow ; acids = violet- 
red. Suitable for weak bases, ammonium hydroxide and certain 
alkaloids included. 


Paranitrophenol.—C,H,O,N. 


Bases = yellow. Acids = colorless. 


A solution of 0.2 Gm. in 100 Cc. of alcohol is made and sometimes 
used. The indicator will stand boiling temperatures. 


Phenacetolin. 
hydroxides = yellow. 
carbonates = red. 
Phenacetolin is prepared from phenol and acetic acid. It is a 
yellow-brown powder, soluble in alcohol. One per cent. alcoholic 
solution is employed. Very sensitive to alkali carbonates with which 
it forms a salt of red color; with the hydroxides a basic compound 
of yellow color is formed. Works well in artificial light and in hot 
solutions. Most neutral salts do not affect it, though ammonium 
salts make its end-reactions lack sensitiveness. Useful in titrations 
of alkali hydroxides and carbonates when present together. In such 
determinations it gives somewhat higher values for the carbonate, 
with proportionally lower values for the hydroxide. 


Rosolic Acid.—(Methyl aurin, Pararosolic acid.) C,)H,,O3. 
Bases = violet-red. Acids = yellow. 


Rosolic acid is derived from rosanilin. A ruby-red crystalline 
substance with greenish refraction, insoluble in water, soluble in 
dilute alcohol. For use, 1 Gm. is dissolved in 10 Ce. of alcohol and 
the solution diluted to 100 Cc. with water. It is sensitive to most 
acids, acetic and phosphoric being excepted. Strong bases may be 
titrated in its presence; ammonium hydroxide only in considerable 
dilutions. Color changes are readily seen in green light. Ammo- 
nium salts, when present, interfere with its sensitiveness. Rosolic 
acid is employed to detect bicarbonate in milk. Aurin (C,,H,,O,), 
which is its homologue, and corallin, a mixture of many compounds, 
are often employed in place of the acid. 


Bases Acids = yellow. 


Tropaeolin (OO).—Sodium phenyl amido azobenzol sulphonate 
(Orangerl yy). Ciei. JN (SO;Na)e 


Bases = yellow. Acids = orange-red to violet. 


Dark shiny needles, somewhat soluble in water, readily soluble in 
alcohol. Test solution made by dissolving 0.05 Gm. in 100 Cc. of 
alcohol has a reddish-violet color. This indicator is not extensively 
used in titrations, its end-reactions being rather uncertain. Em- 
ployed like its isomer, metanyl yellow, to detect inorganic acids (in 
vinegar, for instance). For this, dry test papers are made. 
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Tropaeolin (OOO).—a-naphthol azobenzene sulphonic acid. 
(Orange 1) Ge, OND (SO. Ey, 
Greenish-black shining leaflets. Suitable for titrations of most 
acids and strong bases, but is little employed. 


Turmeric. 


Bases = brown. Acids = yellow. 

A tincture of turmeric (Curcuma longa) is prepared by digesting 
the powdered root with several portions of water, rejecting these 
extractions and drying the residue. The residue is then macerated 
in six parts of alcohol during several days and the mixture filtered. 
The tincture and the test paper made from it are employed chiefly 
as reagents for boric acid. Boric acid, or borates, in the presence of 
a minute quantity of HCl, on drying give, with turmeric, a character- 
istic cherry-red color. Ammonium hydroxide changes this color 
to bluish-black. 

VOLUMETRIC SOLUTIONS. 


Preparation and Standardization.—It has already been stated 
that a reagent to be available for standardization of volumetric 
solutions, must fulfill certain rigid requirements. Definite chemical 
composition, stability in air, readiness of purification, solubility in 
water, sharp end-reaction and inexpensiveness were especially 
insisted upon. 

Native calcium carbonate (calx spar, Iceland spar) which occurs 
crystalline and quite pure, was for a long time relied upon as the 
source of standard V.S. For this purpose it is still found very 
useful though it fails to fulfill some of the demands enumerated. 
It is very stable but does not permit of ready purification and is 
insoluble in water. It is chiefly on account of its insolubility that 
it could not be retained as the source of standard V.S., other sub- 
stances not handicapped in this respect having been adopted. One 
of those lately adopted reagents is potassium bitartrate, an acid salt 
which neutralizes bases and, being readily purified, has found favor 
with many. The U.S.P., 8th Rev., adopted it as the standardizing 
agent for its V.S. and gives a detailed method for the purification 
of this compound. But as a source of standard V.S., anhydrous 
sodium carbonate is perhaps the most widely employed reagent, 
though sodium oxalate, dehydrated at 240° C. gives entire satis- 
faction and is highly recommended by many. However, there are 
many other agents, whose number is constantly increasing, that 
are finding favor and preference with others. Among these only 
the more common ones can be named. Oxalic, hydrochloric, suc- 
cinic,t benzoic, salicylic and cinnamic, arsenous acids; ammonium 
chloride, sulphate, triiodate ; potassium diiodate, dichromate, trioxa- 
late; borax, calcium oxide, pure silver and many others. The purity 


*Succinic acid and its anhydride, benzoic and phthalic anhydrides, were 
studied as sources of standard V.S. by T. K. Phelps and L. H. Weed (Am, 
J. Sci., 26, 138-44). These acids are readily prepared in pure state and when 
dried to permanent weight, over sulphuric acid, are used for standardization 
of alkali V.S. with phenolphthalein or cochineal indicator. 
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of a reagent may be established by testing for possible impurities it 
may contain, or by preparing a standard solution of it by titrating it 
with another standard V.S. If found impure the reagent should be 
recrystallized or otherwise purified and again titrated. 

Preparation of Pure Sodium Carbonate (Na,CO,).—Dissolve 
300 Gm. of sodium carbonate, C.P. variety, in 250 Cc. of distilled 
water at 30° C. and filter quickly into a 2-liter flask. Fill the flask 
with CO,, then close with a perforated rubber stopper through 
which pass CO, into the solution to saturation, or during one half 
to three fourth hours. (Na,CO, + HOH + CO, =2NaHCO,). 
Cool to 0° C. passing CO,, filter off the crystals through a porous 
plate and drain by suction. Wash the crystals back into the flask 
with 50 Cc. of cold distilled water and, keeping up the current of 
CO,, filter as before. Repeat this process of washing until 3 Gm. 
of the purified bicarbonate, dissolved in distilled water, give no reac- 
tion for chlorides and sulphates. Dry the product on water-bath 
and keep in a glass-stoppered bottle. For titration a suitable portion 
is dried at 270-300° C. by ignition converted into Na,CO, which 
is then accurately weighed. 

Preparation of Pure Potassium Bitartrate (KHC,H,O,).— 
Heat on water-bath during three hours too Gm. of the medicinal 
potassium bitartrate, 85 Cc. of water and 25 Cc. of 10 per cent. 
hydrochloric acid in a covered beaker, stirring occasionally. Cool 
rapidly, decant off the solution, wash the residue first by decantation 
with 100 Cc. of cold water, repeat this and transfer to a plain filter 
for complete washing. Continue washing the precipitate until a 
portion of the washings, acidified with HNO,, gives no reaction 
with silver nitrate solution. Boil the hydrochloric acid-free salt 
with just enough hot water to dissolve it (ab. 1500 Cc.), filter and, 
while cooling, stir the filtrate rapidly until cold. Filter, wash the 
precipitate with 300 Cc. of cold water run through it in portions, 
let drain and dry in an air oven at 120° C., to constant weight. Keep 
the product in a dry, well closed bottle. 

Preparation of Pure Oxalic Acid (H,C,O,-+ 2H,O).—A. Dis- 
solve the acid in cold water, filter and evaporate to three fourths of 
the volume. Allow to stand to deposit any K or Ca salt. Decant 
the clear solution, evaporate on water-bath to concentration and 
stir while cooling to obtain granular crystals. Drain the crystals 
in a funnel by suction, redissolve in distilled water, concentrate the 
solution and again crystallize by cooling and stirring. After drain- 
ing, spread the crystals on several thicknesses of filter paper or 
blotting paper and dry them, exposed to the air, for several days 
but keeping them well protected from dust. Keep in well-stoppered 
bottle. 

B, Dissolve the acid in an equal quantity of pure, diluted hydro- 
chloric acid (1.075) by boiling, filter hot if necessary, and cool the 
clear solution rapidly on ice. Repeat this treatment with the crystals 
obtained. The second crop of crystals is washed with cold water, 
recrystallized from hot aqueous solution and dried as given above. 

The purified acid should be tested. A solution of 2 Gm. in water 
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should give no turbidity with silver nitrate; 5 Gm. ignited in plati- 
num should leave no weighable residue on ignition. 

C. (Method of Schmatolla.) Dissolve 50 Gm. of oxalic acid in 
120 Cc. of absolute alcohol, let the solution become cool and filter. 
To the filtrate add 2 to 3 drops of sulphuric acid (1+ 2), shake 
the mixture vigorously and let stand twelve hours. Decant the 
supernatant liquid from any alkali sulphate deposited, distill off 
the alcohol and dissolve the oxalic acid residue in 200 to 300 Cc. 
of water. After the solution has stood several hours, filter througha 
moist filter paper and concentrate filtrate to crystallization. Dry 
the crystals first at 35-40° C., then in a desiccator over calcium 
chloride. Keep the product in a dry, well-stoppered bottle. 


STANDARD VOLUMETRIC SOLUTIONS OF THE ALKALIES. 
Normal Potassium Hydroxide V.S. 


1000 Cc. contain 56.11 Gm. of KOH. 


Preparation and Standardization—A stronger than ™ solution 
is prepared by dissolving 75-80 Gm. of pure, stick potassium hydrox- 
ide (caustic potash) in water, diluting the solution to about 1100 
Cc. and cooling to standard temperature. 

Standardization with Potassium Bitartrate——Of the purified, 
dry salt (see p. 43) 9.4075 Gm. are dissolved in 160 Cc. of hot dis- 
tilled water by boiling in a 300-Cc. flask and after 2 to 5 drops of 
phenolphthalein have been added the hot solution is titrated with 
the KOH solution. The alkali solution is added to the titrated 
liquid, slowly, from a burette. When the end-reaction has been 
approached, the liquid is boiled repeatedly after each addition of a 
small quantity of the alkali solution, so long as the red color pro- 
duced by it continues to disappear. End-point of the reaction is 
indicated when one drop of the V.S. produces a distinct red color, 
permanent on boiling. For the purpose of checking the first, a 
second or, if need be, a third titration is then performed, in like 
manner, and from the average of volumes of the alkali solution 
consumed in each, if these agree closely, the volume of water re- 
quired for dilution to normal strength is calculated. The adjust- 
ment of strength to normal is based on the following equation; 
which represents the reaction involved: 


KHC,H,O, + KOH == KC EO} ==: 
188.15 56.11 


1000 Cc. of KOH contain, by definition, 56.11 Gm. of the absolute 
reagent; 50 Cc. of KOH contain, therefore, 28.055 Gm. of 
the absolute reagent. 

1000 Cc. of KOH react with 188.15 Gm. of potass. bitartrate; 50 
Ce. of KOH therefore react with 9.4075 Gm. of potass. 
bitartrate. 


This quantity, 9.4075 Gm. of bitartrate will, therefore, react with 
50 Ce. of normal alkali V.S. 
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Let us suppose that the average of three titrations, of the same 
quantity of bitartrate, was found to be 47 Cc. of the alkali solution 
consumed ; then to make the solution equal to normal, exactly 3 Cc. 
of water must be added, to each 47 Cc. of it, 
both measured at standard temperature. The 
normality of the V.S. after dilution should be 
confirmed by another titration with bitartrate 
and, if found necessary, a new dilution be 
made. The object of boiling the solution 
during titration is to remove CO,, ordinarily 
present in alkaline solutions which, being acid 
toward phenolphthalein, interferes with the 
end-reaction. However, an alkali free from 
CO,, need not be boiled. The standardized 
V.S. should be kept in bottles closed with 
rubber stoppers carrying tubes filled with 
soda-lime (Fig. 25). When an alkaline V.S. 
is to be longer exposed in a burette, the burette 
should be closed in the same way. 

Standardization with Normal Acid V.S.— 
Titrate the stronger than “ V.S. of the 
alkali without heating, in 25 Cc. portions meas- 
ureds irom a,burette, using 2-drops of methyl “po 2. “Conmanee von 
orange. As the end-point, the transition  Sranparp Axxatr V.S. 
reddish color should be adopted. From the 
average of several closely agreeing values calculate the volume of 
water required for dilution. After diluting, titrate 50 Cc. of the 
V.S. in the same manner, to confirm the accuracy of the product 
and, if necessary, make the proper adjustment. Methyl orange is 
not affected by ordinary quantities of CO,. 


Normal Sodium Hydroxide V.S. 
tooo Cc. contain 40.01 Gm. of NaOH. 


About 45 Gm. of the pure, stick caustic soda are roughly weighed, 
the carbonate on the surface washed off with a stream of water 
free from CO,, and then dissolved in distilled water to measure 
1000 Ce. When the solution has cooled to standard temperature, 
it may be used for titration of 9.408 Gm. of pure potassium bitar- 
trate or may be standardized by titration with normal acid, the 
method given for % KOH being also applicable to this solution. 
When standardized, the solution is to be kept in proper containers 
(Fig. 25). Its uses and keeping are identical with those of 
potassium hydroxide V.S. 

It has been suggested to prepare a strong stock solution of NaOH 
to be used for the preparation of V.S. of alkalies. A nearly 50 per 
cent. solution, prepared by dissolving 150 Gm. NaOH in 50 Cc. of 
water is made. This, on standing, deposits most of the impurities, 
while the supernatant liquid then siphoned off is free from carbon- 
ate. For X V.S., 8.5 Gm. = to 5.75 Cc. should be diluted with 
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distilled water to measure 1000 Cc. and then standardized by 
titration. 


Half-Normal Alkali (KOH or NaOH) V.S. 


1000 Cc. contain 28.055 Gm. of KOH, 
20.005 Gm. of NaOH. 

According to volume of the V.S. desired, a definite volume of 
the corresponding normal alkali V.S. is diluted with an exactly 
equal volume of water, both measured at standard temperature. The 
diluted solution should be checked by titration with % acid V.S. 
using M.O. The standardized solution is then transferred to clean 
dry bottles in which it is to be kept. The solution should be well 
protected from dust, moisture and CO,. 

The equivalents of X. V.S. must necessarily be one half of the 
corresponding normal values. 

Half-normal Alkali, Free from CO,.—Add a clear, saturated 
solution of barium hydroxide to the X% Alkali V.S. until precipita- 
tion no longer takes place, mix well, let the precipitate deposit and 
decant the clear liquid into a clean, dry bottle from which CO, 
has been removed by a current of CO,-free air. Keep securely 
closed with a stopper provided with soda-lime protection tube (Fig. 
25). When to be transferred to a burette for use, the solution 
should be preferably drawn in by suction as in the case of Ba(OH), 
V.S. The exact strength of the V.S. should be determined at the 
time of its employment for titrations. 


Fifth-Normal Alkali V.S. 


tooo Cc. contain 11.222 Gm. of KOH, 
8.002 Gm. of NaOH. 


Tenth-Normal Alkali V.S. 
tooo Cc. contain 5.611 Gm. of KOH, 
4.001 Gm. of NaOH. 

Fifth and tenth normal V.S. of alkalies are prepared from the 
stronger standard V.S. by proper dilution and subsequent checking 
as in the case of the § V.S. When a large volume of one of these 
solutions is to be prepared, direct standardization with potassium 
bitartrate or with normal acid is to be made, following the method 
given for the standardization of the normal alkali V.S. Of the bitar- 
trate 0.1 of the quantity there given (0.9408 Gm.) will have to be 
employed, whereas each cubic centimeter of the normal V.S. will 
correspond to 10 Cc. of the % V.S. For the N V.S. the solution 
prepared for standardization should contain about 8 Gm. of KOH 
or 6 Gm. of NaOH to the liter. After titration the stronger solu- 
tion is diluted so that 50 Cc. of it will exactly neutralize 0.9408 Gm. 
of bitartrate or 5 Cc. of the normal acid V.S. The equivalents of 
the fifth-normal are one fifth, and of the tenth-normal one tenth 
of the values of the corresponding normal equivalents. 
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Twenty-fifth-Normal Alkali V.S. 


tooo Cc. contain 2.2444 Gm. of KOH, or 
1.6004 Gm. of NaOH. 


Fiftieth-Normal Alkali V.S. 


tooo Cc. contain 1.1222 Gm. of KOH, or 
0.8002 Gm. of NaOH. 


Hundredth-Normal Alkali V.S. 


tooo Cc. contain 0.5611 Gm. of KOH, or 
0.4001 Gm. of NaOH. 

These V.S. are prepared by dilution of the corresponding stronger 
standard V.S. and checking the strength of the product. Directions 
for their keeping are the same as for all the other alkali V.S. The 
weaker solutions do not keep well and should, therefore, be often 
renewed. 


Tenth-Normal Sodium Carbonate V.S. 
tooo Cc. contain 53.00 Gm. of Na.CO;. 


Dissolve 5.30 Gm. of the pure sodium carbonate (see p. 43), 
dried at 270 to 300° C., in sufficient distilled water to measure, at 
standard temperature, exactly I liter. Equivalents of this V.S. are 
identical with those of the tenth-normal alkali V.S. 


Tenth-Normal Barium Hydroxide V.S. 


tooo Cc. contain 15.7775 Gm. of Ba(OH)2+ 8 H.O, or 
8.57. Gm. anhydrous Ba(OH).. 

About 20 Gm. of the crystalline base are dissolved in distilled 
water, the solution diluted to 1100 Cc. in a flask, the flask closed 
and allowed to stand 2 days to deposit BaCO,. The clear liquid is 
then transferred by siphoning to a clean bottle from which CO, 
has been removed by a current of CO,-free air, passed during one 
half hour. The bottle is then at once closed with a rubber stopper 
provided with a soda-lime tube (see Fig. 25, p. 45). Several por- 
tions of N hydrochloric acid (about 25 Cc. accurately measured) 
are then titrated with this clear solution, using methyl orange. In 
titration the burette should preferably be joined to the bottle as 
shown in Fig. 18, or closed with a stopper provided with a soda- 
lime tube. The average of two or more closely agreeing titrations 
is then used for calculation of the volume of water required for 
dilution to N strength. If, for example, 23.8 Cc. of the alkaline 
solution were consumed by 25 Cc. of the § acid, then for each 
23.8 Cc. of the solution, exactly 1.2 Cc. of water, both being meas- 
ured at standard temperature, must be supplied to convert the 
solution into tenth-normal. If the solution is to be used as an 
empirical V.S., and this is to be preferred on account of the tur- 
bidity on dilution and weakening on keeping, then its value in 
terms of the X V.S. is found: 
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25 X 100 

f= 23.8 —= 105.042 per cent. 
The strength of the empirical V.S. is, therefore, 105.042 per cent. 
of the tenth-normal, and one Cc.=1.05042 Cc. of 4, V.S. If this 
factor is to be used, it should be properly recorded; however, the 
actual quantity of Ba(OH),, in one Cc., may be calculated and 
equivalents based on it. 

For barium hydroxide V.S. two advantages are claimed, namely: 
it attacks glass less readily than the alkalies and holds no CO, in 
solution; any carbon dioxide absorbed by it forms BaCO, which 
precipitates. This, of course, makes the solutions weaker on this 
account and necessitates frequent restandardization. 


Empirical Alcoholic KOH V.S. (nearly >): 


KOH = 56.1 I. 


The empirical solution is made by dissolving 30 Gm. of potassium 
hydroxide, purified by alcohol, in 1000 Cc. of 95 per cent. alcohol, 
heating the alkali with alcohol under a return condenser. After 
standing 24 hours the solution is filtered into a clean, dry bottle in 
which it is kept, properly protected from dust and CO,, in a cool 
place. The solution thus prepared readily becomes colored from 
yellow or red-brown and changed in strength on keeping; it must, 
therefore, be often restandardized, preferably at the time of its 
employment in determinations. The exact strength of the V.S. 
is established by titrating with it 20 Cc. portions of -~ hydrochloric 
acid V.S., using methyl orange. From the results of titration the 
factor (equivalent of 1 Cc. of the V.S.) is calculated and employed, 
or the value of the solution is expressed, as percentage of the X V.S. 
Further, the equivalent volume of the solution, e. g., the volume of it 
corresponding to 1 Cc. of X V.S. may be found, and when a definite 
quantity of X alcoholic KOH is called for, the corresponding volume 
of the empirical solution can be taken. 

Note: To keep the solution colorless, preparation at room tem- 
perature and exposure to diffused daylight have been recommended 
by Halla. Light is supposed to destroy any yellow color. The 
solution will remain colorless much longer if prepared from alcohol 
which has been boiled during 1 hour with some KOH under return 
condenser and then distilled. 

Stable alcoholic KOH can be prepared from potassium sulphate 
and barium hydroxide. The sulphate is used in % V.S. and the 
hydroxide in N-V.S., sufficient of each being taken to supply the 
equivalents required for reaction as shown by the equation: 


K,SO, + Ba(OH), = BaSO, + 2KOH. 


To the mixture is added alcohol to amount to 80 per cent. Excess 
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of Ba(OH), is precipitated by a little strong solution of K,SQ,. 
The clear alkali is then siphoned into a clean bottle for use. 

The employment of 10N KOH in water to be mixed with 95 per 
cent., or absolute alcohol, is recommended by Siegfeld (Chem. Zeit., 
32, 63-4). For standardization the 10ON KOH is weighed into a 
flask, alcohol added to it and the alcoholic solution, after heating 
for I5 minutes under return condenser, titrated with-X or N HCI V.S. 


STANDARD VOLUMETRIC SOLUTIONS OF ACIDS. 


Normal Hydrochloric Acid V.S. 
tooo Cc. contain 36.47 Gm. of HCl. 


Preparation and Standardization—A somewhat stronger than 
normal solution of the acid is prepared by adding to 130 Gm. of 
pure, strong hydrochloric acid (1.16), or 110 Cc. of (1.20), suffi- 
cient water to measure 1000 Cc. 

Standardization with Normal Alkali V.S.—For titration, 20 Ce. 
of the acid at standard temperature are carefully measured from a 
burette into a titration flask, diluted to 50 Cc. with distilled water, 
2 drops of methyl orange added and the solution titrated with 
recently standardized normal KOH or NaOH V.S. The addition 
of the alkali V.S. should be gradual, the flow being reduced to drops 
towards the end of the operation. The titration is completed when 
the transition rose tint is changed by one drop of the V.S. to dis- 
tinct yellow color, permanent on shaking. After reading the burette, 
a second titration should be made of another 20 Cc. portion of the 
acid for a check and, if the results do not agree closely, a third 
titration will be necessary.. From the average of several agreeing 
results the volume of water required for dilution of the acid is 
found. The acid is then diluted to normal strength, the difference 
between the average of the readings and 20, representing the Cc. 
of water to be added to each 20 Cc. of it. For instance, if 20 Cc. 
of the acid required an average of 21.5 Cc. of the N alkali V.S. 
for neutralization, then by diluting 20 Cc. of the acid to 21.5 Cc., 
the acid will be made of equal value with the alkali or will become 
noriuals Dherefore, for every 20 Cc. of ‘the: acid, exactly (1:5 (Ce: 
of water must be added, standard temperature being observed in 
measuring. After proper dilution the correspondence of the two 
solutions should be confirmed by a titration in which 50 Cc. of the 
acid are employed. Should the acid be found still stronger than 
normal another dilution must be made. Should, after dilution, the 
acid be found weaker than normal, the required volume of the 
stronger solution may be added, or, if that is not on hand, the 
solution is made stronger than normal by the addition of a little of 
the concentrated HCl, and the process of standardization repeated. 
The weaker solution can, however, be employed as an empirical V.S. 

Standardization with Sodium Carbonate-—About 8 to Io Gm. 
of pure sodium bicarbonate, prepared as directed under preparation 
of sodium carbonate (p. 43), are placed in a platinum crucible or 
dish and dried at 80-90° C. The crucible and contents are then 
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transferred to a sand-bath or perforated asbestos plate and heated 
at 270-300° C. during one half to one hour. The sodium carbonate 
must be completely exsiccated, but should not fuse. After cooling 
in a desiccator, the crucible and contents are weighed, and heating, 
cooling and weighing, is repeated until the weight is constant. The 
cold carbonate is then transferred to a clean, dry, tared weighing 
bottle. For one titration, about 2 Gm. of the salt are accurately 
weighed, by difference, into a 200 Cc. erlenmeyer flask, dissolved 
in 100 Cc. of distilled water, 3-5 drops M.O. added and the solu- 
tion titrated with the stronger hydrochloric acid solution. During 
titration the titrated liquid should be kept well mixed, and the flow 
of the V.S. reduced to drops toward the end of the operation, the 
approach of which is indicated by rapid temporary changes of color. 
Titration should be suspended as soon as the solution takes on a 
transition (orange) color. At this point the burette is read and 
the reading accepted if one drop of the V.S., subsequently added, 
gives a distinct red color. Otherwise more HCl should be dropped 
in until the desired end-reaction is obtained. To check the accuracy 
of the first titration another or several such should be performed in 
precisely the manner of the first; their agreement should be close. 

To calculate the strength of the acid and adjust it to the normal 
value, let us suppose that 1.984 Gm. of dry sodium carbonate were 
taken and the solution of the HCl required to neutralize this meas- 
ured 36 Cc., this being an average of three titrations. Then, from 
an equation, representing the reaction in question: 


Na, CO, 2H Ch) ==" 2NaGl = GOs 7-E ai. ©: 
106.00 2 X 36.47 


It is seen that 106.00 Gm. of pure sodium carbonate react with 
2 X 36.47 Gm. of absolute HCl, or that 53.0 of the former react 
with 36.47 Gm. of the acid. The equivalent of 36.47 Gm. of HCl, 
or of 8 Gm. of oxygen is, therefore, 53.0 Gm. of sodium carbonate. 
But 36.47 Gm. is the quantity of HCl which must be present in 
1000 Ce. of its normal V. solution. The question that now arises is: 
What volume of N hydrochloric acid will be required to neutralize 
the 1.984 Gm. of sodium carbonate used in the titration? By 
proportion: 
53.0; 100052 1.084: #7, 


pe 100 yor.o84 
93:9 


This is found to be 37.43 Cc. It is at once evident that the acid 
is stronger than normal, 36 Cc. instead of 37.43 Cc. having been 
used to neutralize the carbonate. To dilute the acid to normal 
strength, 1.43 Cc. of water must, therefore, be added to every 36 
Cc. of it, measuring the liquids at standard temperature. If 950 
Cc. of the acid were to be so diluted, the volume of water required 
would be: 


= 37.43 Cc. 


30: LAs Oso. 
a yiaiel Are 
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To confirm the normality of the acid after dilution, another titration 
should be performed, and the proper adjustment made if necessary. 

Standardization by Direct Weighing of the Acid.—An accurately 
calibrated 100 Cc.-flask, provided with a rubber stopper having two 
perforations through one of which a fine capillary tube extends 
to the bottom of the flask while into the other is inserted a short 
piece of glass tubing, is accurately weighed together with about 90 
Ce. of distilled water. A slow stream of pure, dry HCl, generated 
from NH,Cl+ H,SO, and washed through sulphuric acid, then 
calcium chloride, is passed into the water until somewhat more than 
the gramme-equivalent weight has been absorbed. This is found by 
occasional rough weighing. The gas is then discontinued, the solution 
allowed to cool and the flask and contents are accurately weighed. 
The increase in weight is the quantity of HCl added. From 
this the volume of water required to be added to make the acid 
normal, is calculated. The acid in the flask is made up to the mark 
at standard temperature and the water required for dilution is then 
added from a burette. If, for example, 3.84 Gm. of HCl has been 
dissolved, the quantity of HCl in its normal solution being 3.647 
Gm. in 100 Cc., then: 


3-047. 2 10025)3.84 (x, 
== 105.3. 


That is, 105.3 Cc. of a normal V.S. of the acid contain 3.84 Gm. of 
HCl Since this quantity of HCl is-present in 100 Cc., 5.3- Cc. 
of water must be added. The dilution having been properly made 
at standard temperature, the standard acid is then transferred to 
a dry glass-stoppered bottle and kept in a cool place and away from 
direct sunlight. 

The volume of the acid thus prepared is rather small and would 
be mainly useful for standardization of the alkali V.S., and through 
these, other acids. However, a large volume of standard HCl may 
be prepared in this manner when an accurate balance of the neces- 
sary capacity is available. This method of standardization is also 
applicable to the preparation of standard sulphurous acid V.S. 
for iodometry. 

Other Methods.—1. Gravimetrically, hydrochloric acid may be 
standardized by precipitation with silver nitrate and calculation of 
the quantity of HCI present in a given volume of the acid from the 
quantity of silver chloride produced. Though this is a very accu- 
rate method of determination of chlorides, it can not be considered 
reliable for the purpose of establishing an exact volumetric standard. 
This will be apparent in view of the following considerations: The 
gravimetric method differs in technique, employs different set of 
measuring instruments and determines a different ion (ClI-) than 
the one (H*) of value for purposes of titration ; besides not utilizing 
an end-reaction and requiring no indicator, it is independent of those 
factors which are important to the volumetric method. 

2. The strength of normal hydrochloric acid V.S. may also be 
determined and checked with pure sodium bicarbonate (see method 
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of preparation, p. 43). About 2 Gm. of the salt are placed in a 
tared platinum dish, dissolved in a minimum volume of water, a 
drop of M.O. added and the HCl V.S. added from a burette until 
the yellow color is changed to distinctly red. The solution is then 
evaporated -to dryness, the residue dried and gently ignited to con- 
stant weight. From the quantity of NaCl obtained, and the vol- 
ume of HCl solution added, the strength of the acid is calculated. 


HCl NaHcO.——Nacl- H,O== CO, 


Normal Sulphuric Acid V.S. 


1000 Cc. contain 49.045 Gm. of H.SO.. 


To prepare a stronger than normal solution of the acid, 30 Cc. 
of the concentrated acid, Sp.Gr., 1.83 at 20° C., are added to 1020 
Cc. of water. When the solution has cooled to standard tempera- 
ture, it is standardized by titration with N alkali V.S., or, pure 
sodium carbonate is titrated with it, just as in the case of hydro- 
chloric acid standardization, q.v. The solution is then diluted to 
N strength and checked by another titration. 

Gravimetrically, sulphuric acid solution is standardized by precipi- 
tating the acid present in a definite volume of stronger than N solu- 
tion as barium sulphate with BaCl, in excess, heating until the 
precipitate settles completely, filtering, washing, drying, and finally 
igniting. From the weight of BaSO, obtained, the amount of abso- 
lute H,SO, in the solution is found by calculation. The acid, if 
stronger than normal, is then properly diluted. On the value of this 
method of standardization the same comment may be made as on 
the gravimetric method for HCl. (See p. 51.) 

The strength of sulphuric acid solutions may be determined or 
checked with bicarbonate, as in the case of HCl (see p. 51). The 
alkali sulphates are less volatile than the chlorides, and the residue 
may therefore be ignited without loss. 


Half-Normal Acid V.S. 


tooo Cc. contain 18.235 Gm. of HCl, or 
24.5225 Gm. of H,SQ,. 

These V.S. are prepared by dilution of the stronger standard 
acids with-an exactly equal volume of water, measured at standard 
temperature. After dilution, the strength of the product is checked 
by titration and any adjustment required is made. 

The equivalents of these acids are one half of the values of the 
corresponding normal acids. 


Fifth-Normal Acid V.S. 


1000 Cc. contain 7.294 Gm. of HCl, or 
9.809 Gm. of H.SO. 
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Tenth-Normai Acid V.S. 


tooo Cc. contain 4.9045 Gm. of H.SO,, or 
3-647 Gm. of HCl. 

Fifth-normal acid is prepared by dilution and checking with 
a standard alkali V.S. The tenth-normal V.S. is prepared in the 
same manner, but as it is often used in large volumes, it is better 
to standardize it directly with sodium carbonate or with N alkali 
V.S.. The method of standardization of tenth-normal acid is the 
same as for the normal solution, one tenth of the quantities there 
required being employed. 

The equivalents of the * V.S. are one fifth, and those of the 
3) are one tenth of those of the normal solutions, p. 89. 

The alkaloidal equivalents are given on p. 90. 


Twenty-fifth-Normal Acid V.S. 


tooo Cc. contain 1.458 Gm. of HCl, or 
1.9618 Gm. of H2SQs,. 


Fiftieth-Normal Acid V.S. 


1000 Cc. contain 0.7294 Gm. of HCl, or 
0.9809 Gm. of H.SO.,. 


Hundredth-Normal Acid V.S. 


tooo Cc. contain 0.49045 Gm. of HCl, or 
0.3647 Gm. of H.SO,. 
These acids contain the indicated fractions of the reagents present 
in normal solutions. They are prepared by proper dilution of the 
corresponding standard V.S. of greater strength. 


Tenth-Normal Oxalic Acid V.S. 


tooo Cc. contain 6.303 Gm. of H.C.0.,-+ 2H.0. 


If an absolutely pure acid be had, such as the sublimed oxalic 
acid (Merck), the quantity of it required to make N V-S. can be 
dissolved in water and the solution used. But the acid, even the 
purified kind, being apt to vary in composition, mainly on account 
of the variability of its water of crystallization, it is necessary to 
prepare a stronger than XX solution and standardize it with a tenth- 
normal alkali V.S. which has been recently standardized. By dis- 
solving 6.4 Gm. of the purified acid (see p. 43) in water, to measure 
1000 Cc., such solution is obtained. 

Of the N alkali, 20 Cc. are accurately measured into a flask, 30 Ce. 
of water added and the solution heated to boiling. The hot solu- 
tion is titrated, with the oxalic acid run in from a burette, in the 
presence of 2 drops of phenolphthalein. When the pink color of 
the titrated liquid has been just discharged by one drop of the oxalic 
acid, the solution is boiled to remove any CO, present, and the 
red color will, when the gas has escaped, be restored. Ovxalic acid 
should now be added, drop by drop, and as soon as the solution is 
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decolorized, boiling should be repeated until the pink color no longer 
appears on boiling. The titration should be repeated with more 
20 Cc. portions of the alkali V.S., and the average value of the 
closely agreeing ones should be taken for calculation of the water 
required. After the dilution has been made the solution should be 
checked with 50 Cc. of the §, alkali V.S. and, if need be, another 
adjustment made. 

If, for example, 20 Cc. of & alkali V.S. required 18.2 Cc. of the 
acid, this being the average of several titrations, to dilute the acid 
to the N strength, it is seen that 1.8 Cc. of water are needed for 
every 18.2 Cc. of the oxalic acid. The solution of the acid and the 
water to be added are, of course, accurately measured at standard 
temperature. 

Tenth-normal oxalic acid is chiefly employed in the oxidation 
analyses, in conjunction with potassium permanganate V.S. See 
Chapter III. 

A. ALKALIMETRY. 


Alkalimetry comprises determinations of bases, by titration, with 
standard acid V.S. The soluble bases are titrated directly; for 
the insoluble, or sparingly soluble ones, residual titration is employed. 


I. THe InorGAnIc BASES. 
Soluble Bases. 
1. DETERMINATION OF SOLUBLE HyDROXIDES. 


Potassium hydroxide, sodium hydroxide and ammonium hy- 
droxide. 

Volumetric solution: Normal or half-normal acid (sulphuric acid 
preferred). 

Indicator: Methyl orange. 

Accurately weigh a suitable quantity of the sample (2 to 5 Gm. 
of solid, 10 to 50 Gm. of solution),? dissolve the solid and dilute 
the solution in either case to measure a definite volume, 50 to I00 
Cc., at standard temperature. By means of a pipette or from a 
burette, measure aliquots of 10 to 20 Cc. into several titration flasks, 
dilute each portion to measure 50 Cc., add 2 drops of the indicator 
and titrate with the standard acid V.S. Add the V.S. to the solu- 
tion of the sample in small portions, mixing well after each addi- 
tion, and reducing the flow to drops toward the end of the operation, 
the approach of which is made evident by the change of yellow to 
a reddish color. Read the burette after some time has been allowed 
for complete draining and accept the reading only if a drop of the 
V.S. then added is found to change the transition color to pure light 
red. Otherwise, more of the V.S. should be added, drop by drop, 
until the end-reaction is obtained. Titrate the other portions in this 
manner, and from the average of at least two closely agreeing read- 
ings, calculate the percentage of the particular hydroxide in the 
sample. For calculation, apply rule given on p. 24. 


*The quantity of the sample for one titration with any V.S. should be so 
approximated as to require from 20 to 40 Cc. of the V.S. See also p. 23. 
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Illustration—Four grammes of caustic soda, dissolved in water, 
to measure exactly 40 Cc., and titrated in 10 Cc. portions required: 
20.2 Cc., 20.0 Ce., 20.1 Ce. of normal acid respectively; to calculate 
percentage of NaOH in the sample. 

The factor (equivalent of 1 Cc. of N-acid) for NaOH is 0.04001 
Gm. (see table, p. 89) and is derived from the equation: 


NiOM 2h HCl === NaC] = HO: 
"40.01 36.47 


30.47 parts of HCI react with, or neutralize, 40.01 partsof NaOH. 

1 Lt. of N-HCl contains 36.47 Gm. and neutralizes, as seen in 
the equation 40.01 Gm. of NaOH. Since 36.47 Gm. of HCl 4o.01 
Gm. of NaOH, then 1 Cc. of the N-acid is the equivalent of 
f$v0 Gm. of NaOH. 

The factor is therefore found to be 0.04001 Gm. 

Now, as 20.1 Cc. was the average of V.S. required to neutralize 
10 Ce. of the solution of the sample containing 1 Gm., 

20.1 X 0.04001 = 0.8042 Gm. of NaOH in 1 Gm. of the sample, 
and the proportion: 


1.0:0.8042::100:-, will give the percentage. 


ee 0.8042 * 100 Paes 
1.0 
hence the sample is found to contain 80.42 per cent. of NaOH. 

Observations.—The other hydroxides are determined in the same 
way, care being taken to employ the proper factors in calculations. 
With V.S. of other strengths, viz.: the half-, fifth-, tenth-normal, 
etc., the volume of the volumetric solution consumed in titration 
may be converted into the normal, in which case the normal factors 
are used, or, their own factors are derived from the normal equiva- 
lents. It will also be seen that the equivalents of 1 Cc. of normal 
V.S. constitute the equivalents of 2 Cc. of half-normal, 5 Cc. of 
fifth-normal or 10 Cc. of tenth-normal V.S., etc. 

With the empirical V.S., whose strength is expressed in per cent. 
of the nearest normal V.S., the calculation remains the same, the 
resulting value being finally multiplied by the factor of the empirical 
V.S. used. However, if the strength of such solutions is expressed 
in quantity of any particular base, the empirical V.S. can be used 
for other bases only after its value, in terms of the base determined, 
has been calculated. 

Soluble hydroxides absorb CO, readily and when titrated with 
M.O. both the hydroxide and carbonate are indicated. To find 
only the hydroxide present, phenolphthalein would have to be used, 
the end-reaction being reached when one half of the carbonate has 
been decomposed. (See titration of hydroxides and carbonates 
together.) Solutions of calcium hydroxide and barfttm hydroxide 
are titrated, just as other hydroxides, with phenolphthalein as indi- 
cator, standard HCl being employed. 
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2. DETERMINATION OF AMMONIA IN AMMONIUM SALTS. 


Ammonium salts are decomposed when heated in solution with 
certain bases. The NH, given off is distilled into an excess of 
standard acid and from the volume of the acid neutralized, the 
quantity of ammonia is calculated. 

Apparatus for Distillation—The ammonia-distilling apparatus, 
one form of which is represented in Fig. 26, consists of two flasks ; 


Fic. 26. AMMONIA-DISTILLING APPARATUS. 


the large flask A is-of 500 Cc. capacity, the smaller one F holding 
about 250 Cc., both being preferably of the erlenmeyer form; a 
Liebig condenser E, body 2 ft.; bulbed adapter C, best 3-bulbed, 
with obliquely ground stem k; a pipette B, closed with rubber tubing 
and a pinchcock and a guard tube G, which contains glass wool and 
has a perforated stopper carrying a short tube /. In the larger flask 
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the sample is decomposed by heating it in soiution with the base, 
the solution of which is introduced through the pipette. When 
more than a pipetteful of the alkali is needed, a small funnel is 
attached to the upper end of the pipette and the alkali solution 
poured in through it. The bulbed adapter condenses some of the 
water vapor but serves chiefly to retain any alkali which may be 
carried up by foaming, or be thrown up by bumping of the alkaline 
liquid on boiling. In the condenser most of the ammonia is dis- 
solved in the water collecting there by condensation and is delivered 
into the smaller flask serving as a receiver. The receiver contains 
the standard acid V.S. with a portion of which the glass wool in 
the guard tube is moistened. These parts of the apparatus are 
connected as shown in the figure, the pipette and the stem of the 
adapter pass through a rubber stopper closing the large flask, and 
the adapter is joined to the condenser by the bent tube H. The 
lower end of the condenser should extend about one fourth inch 
below the surface of the acid in the receiver. 

Reagents Needed—Solution of NaOH or KOH, to per cent., 

recently boiled, or ignited MgO. 
Half-normal acid V.S. 
Half-normal alkali V.S. 
Litmus solution. 
Methyl orange. 
Ammonia-free water. 
Paraffin, about 1 Gm. 

Procedure.—Into the decomposition flask A, introduce 0.5 to I.0 
Gm. of the sample accurately weighed, or a measured volume of a 
solution containing nearly an equal quantity, cover with 50 Cc. of 
ammonia-free water, add some of the litmus solution and drop in 
a piece of paraffin. Into the receiver flask F, measure from a 
burette 30 to 50 Cc. of half-normal acid V.S. (volume of the acid 
is based on the proportion of 50 Cc. acid to 1 Gm. sample) and 
dilute with an equal volume of water, then, by means of a small 
pipette, transfer some of the acid to the guard tube to moisten the 
glass wool with it, the pipette being washed out into the receiver. 
Fill pipette B with the strong, boiled alkali solution, connect the 
apparatus and, having introduced sufficient of the alkali to impart 
to the liquid in the flask a distinctly alkaline reaction, add 5 Cec. 
more for excess, and start the distillation by heating flask A. 
Distill at gentle boiling during twenty minutes, or until the liquid 
in the receiver is nearly doubled. To discontinue, remove the flame 
only after the apparatus has been disconnected. Raise the con- 
denser, wash out the inner tube washing off the outside of the lower 
end at the same time into the receiver. Then wash the acid of the 
guard tube into the receiver by allowing some water to percolate 
through the tube. Having added the indicator, titrate with the 
half-normal alkali V.S. as in the titration of acids. The alkali 
V.S. is added until the red color of the titrated liquid becomes 
changed to a distinct yellow tint by one drop of the V.S._ From the 
volume of the half-normal acid consumed by the ammonia, which 
constitutes the difference between the volume of standard acid 


58 DETERMINATIONS BY NEUTRALIZATION, 


originally taken, and the volume of the standard alkali required 
for the acid unconsumed by NH,, calculate the percentage of 
ammonia in the sample. To confirm the results of the determination 
another distillation and titration should be made. 

Illustration —The ammonia distilled from 1 Gm. of a sample of 
ammonium salt was passed into 50 Cc. of half-normal acid and the 
unconsumed acid required 22.4 Cc. of half-normal alkali V.S. for 
neutralization. In the subsequent titration, in which identical quan- 
tities were employed, the acid required 22.6 Cc. of half-normal 
alkali V.S.; to calculate the percentage of ammonia in the sample. 

The average of alkali V.S. in the two titrations is 22.5 Cc. 

The volume of half-normal acid consumed by NH,, 50— 22.5 
a Oe 

The factor for ammonia (equivalent of 1 Cc. 8 acid) is 0.00852 
Gm. and is derived from the equation: 


H,SO, + 2NH, = (NH,),SO, 


I Lt. of § H,SO, contains 24.523 Gm. and corresponds to 8.52 
Gm. of NH,. 

1 Cc. of ¥ H,SO, contains 0.024523 Gm. and corresponds to 
0.00852 Gm. of NH,. 

The factor is, therefore, 0.00852 Gm. 

27.5 X 0.00852 = 0.2343 Gm. of ammonia in I Gm. of the sample. 
By proportion: 

1.07 0.28405 cul OO 

22543 STOO — 23.43 per cent. of ammonia in the sample. 

To express the result as ammonium (NH,) or as nitrogen (N), 
the desired values are found by proportion: 


For ammonium: 17.04: 18.05 ::23.43:4. 
For nitrogen: 1710421401 47923:43, 94. 


However, it is better to employ, in calculation, the proper factors 
corresponding to NH, and nitrogen at once as in the case of NH. 

Observations—During the distillation the vapors in the larger 
flask will condense and diminish the pressure on the acid in the 
receiver; the apparatus being connected air tight, the acid is found 
rising in the condenser. Should heating be interrupted through 
any cause there is danger of the acid being drawn over into the 
decomposition flask and causing loss of the analysis. It is for this 
reason necessary to keep the lower end of the condenser just im- 
mersed in the V.S. in the receiver, under which conditions the pass- 
ing of the acid into the retort is impossible. 

Bumping of the boiling liquid may be prevented by placing, in the 
solution, pieces of pumice stone, of broken glass, or a spiral of 
platinum wire. To overcome the rising of foam a small quantity of 
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paraffin is added to the contents before distillation has commenced. 

Magnesium oxide is recommended and used for liberation of 
ammonia from its salts when other nitrogen compounds are present. 
The oxide, which should be free from carbonate and from ammo- 
nium compounds is added to the cold solution of the sample to be 
distilled. About 5-10 Gm. should be used for 0.5 to 1 Gm. of the 
sample, and the distillation be allowed to proceed 4 to 5 times as long 
as with NaOH. It has, however, been stated that MgO is not a 
suitable agent for this purpose in presence of a large quantity of 
chlorides, additional evidence being presented by P. A. Kober (J. 
A. Chem. Soc., 1908, 30, p. 1270), who ascribes the retention of 
NH, to the reversible reaction: 


MgCl, + NH,OH 2 Mg(OH), + 2NH,Cl. 


Nitrates and nitrites may both be determined by the distillation 
method. They are reduced in solution by nascent hydrogen and the 
ammonia produced is titrated after being distilled into standard acid. 

Nitrogen, in organic compounds, when determined by the Kjel- 
dahl method, is converted into ammonia by pyrosulphuric acid. The 
ammonia in the ammonium sulphate formed is then determined by 
distillation, calculated into N and, from the quantity of this found, 
the percentage of the proteid or other organic compound is cal- 
culated. 


3. DETERMINATION OF SOLUBLE CARBONATES AND BICARBONATES. 


Carbonates and bicarbonates of sodium and potassium. 

Volumetric solution employed: N, or N acid. 

Indicator: Methyl orange or phenolphthalein. 

The titration in the determination of these compounds, using 
M.O., is carried out just as in the case of the hydroxides. If weaker 
volumetric solutions be used, the CO, would be objectionable and 
should then be removed. When a pink color has been produced 
by the acid V.S. the titrated liquid is boiled; after cooling more 
M.O. is added and the titration completed. For each titration about 
2 Gm. for a N solution or 1 Gm. for § V.S. should be taken. With 
methyl orange the reaction is completed according to the following 
equation: 


Gee Ne CO. - FSO, ==" Na,SO.. <6) (CO, HO 
106 98.09 


98.09 parts of sulphuric acid react with 106.00 parts of Na,CO,. 
Since 1 Lt. of N-H,SO, V.S. contains 49.045 Gm., and corresponds 
to 53.0 Gm. Na,CO,, 

1 Cc. of the V.S. is the equivalent of 0.0530 Gm. of anhydrous 
sodium carbonate. 

t Ce. of the V.S. is the equivalent of 0.06201 Gm. of monohy- 
drated sodium carbonate, etc., using methyl orange. 

With phenolphthalein same reaction is obtained only by boiling the 
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titrated solution; in the cold the end-reaction takes place when 
the carbonate is all converted into bicarbonate, as represented: 


b.  2Na,CO, + H,SO, = Na,SO, + 2NaHCO,. 


2X 106 98.09 


Only one half of the carbonate is thus indicated. 

98.09 parts of H,SO, react with 2 X 106 parts of Na,CO,. Since 
1 Lt. of N-H,SO, V.S. contains 49.045 Gm., and corresponds to 
106 Gm. of Na,CO,, 

1 Ce. of the V.S. is the equivalent of 0.106 Gm. of anhydrous 
soditm carbonate. 

1 Ce. of the V.S. is the equivalent of 0.12402 Gm. of monohy- 
drated sodium carbonate, etc., using phenolphthalein. 

In deriving the factors for carbonates and bicarbonates titrated 
with phenolphthalein as indicator, care must be exercised not to 
overlook whether the titration was in cold or boiling solution. 


4. DETERMINATION OF AMMONIUM CARBONATE. 
(RESIDUAL TITRATION. ) 


Volumetric solutions employed: Normal or XN H,SO,, and N, 
Oley salicalt 

Indicator: Litmus solution. 

To an aliquot portion of the solution of a sample prepared as 
given under hydroxides, add an excess of normal sulphuric acid 
V.S., measuring accurately, boil gently to remove CO,,, allow to 
cool, add litmus solution to color, and titrate the unconsumed acid 
with normal or © alkali V.S. When the V.S. has changed the red 
color of the titrated liquid to violet which is then changed by one 
drop of it to distinct blue, the titration is ended. Subtract from the 
volume of the N acid V.S. added, the volume of normal alkali or 
half the volume of % V.S. and from the difference constituting 
the volume of acid consumed by the sample used, calculate the per- 
centage of ammonium carbonate present. 

1 Ce. of N acid V.S. is the equivalent of 0.052346 Gm. of ammo- 
nium carbonate, U. S. P. 


5. DETERMINATION OF THE ORGANIC SALTS OF THE ALKALIES. 


Organic salts of the alkalies are, by carbonization and ignition, 
converted into corresponding carbonates which are then titrated. 

Volumetric solution employed: Normal or § acid V.S. 

Indicator: Methyl orange. 

Weigh accurately, into a porcelain crucible, about 2 Gm. of the 
sample and ignite it, keeping the crucible covered. Apply heat 
slowly at first and very gradually increase it to dull redness. When 
carbonization is completed (no volatile products escape) cool the 
crucible and extract the residue with two successive portions of hot 
water, decanting the solution through a small filter paper into the 
titration flask. Transfer the insoluble matter to the filter and wash 
with hot water until last portions of the washings no longer react 
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with the acid methyl orange test paper. Combine the filtrate and 
washings, dilute to about 50 Cc., add 2 drops of methyl orange 
and titrate with the standard acid as in the case of the carbonates or 
hydroxides. One drop of the V.S. should change the transition 
tint to a distinct pink. Repeat the ignition and titration of another 
portion as a check. From the volume of standard acid consumed 
by the carbonate and its equivalent of the organic salt, calculate the 
percentage of the latter in the sample. 


Illustration.—Potassium bitartrate, when carbonized, is changed 
into K€): 


Zoo Gi Ona CO, + 4#C + yO + AGO P 
2X 188.15 138.20 


Two (2) molecules of the bitartrate give one (1) of carbonate, 
or, 2X 188.15 138.20. One molecule of carbonate requires 2 
molecules of HCl for neutralization when methyl orange is used. 
The equivalent of K,CO, is, therefore, 69.1 Gm. and corresponds 
to 188.15 Gm. of the bitartrate. 


HCl = K,CO, = KHC,H,O,. Therefore, 
2 


t Cc. of normal alkali=o.06910 Gm. of K,CO, 0.18815 Gm. 
of KHC,H,O,. 

The calculation of the percentage is then made in the usual way. 
See p. 24. By representing the conversion of organic salts of the 
alkalies into carbonates in equations, the factor for any salt may 
be readily derived. The acetates, lactates, benzoates and salicylates 
behave like the bitartrates, two (2) molecules in each case producing 
one of the carbonate so that the equivalent of 1 Cc. will be in the 
case of normal acid V.S., z4s5 of the molecular weight, in grammes, 
of any one of these organic salts. For factors see p. 89. 

The neutral tartrates, when decomposed by heat, form more 
carbonate than the salts of the monobasic acids or the bitartrate: 


BNaGi tO KNacCO, 22 1CO. ek VEO. base 


The equivalent of a neutral tartrate will, therefore, correspond 
to one half the molecular weight. 
The neutral citrates are decomposed as represented: 


2Na,C,H,O, = 3Na,CO, + +CO + yH,O + eC. 


The equivalent of a neutral citrate corresponds to one third of 
the molecular weight of the particular salt determined. 

Note: This method of titration may be extended to the determina- 
tion of the organic salts of the alkaline-earths. The carbonates or 
oxides then produced being insoluble, residual titration has to be 
performed. See under insoluble carbonates and oxides. 


62 DETERMINATIONS BY NEUTRALIZATION. 


6. DETERMINATION OF HyDROXIDES AND CARBONATES TOGETHER. 


A. The Carbonate is Removed as BaCO,. (Winkler’s Method.) 

1. Determine the total alkali present by titration of one portion 
of the solution of the sample with % or X HCl V.S.; indicator, 
methyl orange. The volume of the standard acid consumed (a) 
corresponds to hydroxide and carbonate. 

2. To another, equal portion of the sample heated to boiling,’ add 
an excess of a neutral, 10 per cent. BaCl, solution, heat for some 
time, let stand to deposit the BaCO, and then titrate with ¥ or § 
acid, and phenolphthalein. 


Na,CO, + BaCl, =2NaCl + BaCO,. 


The titration must be very carefully performed, and only few 
drops of the acid V.S. added at a time to prevent decomposition 
of the barium carbonate. The volume of the standard acid required 
(b) corresponds to the hydroxide. Subtracting (b) from (a) 
gives volume of standard acid corresponding to carbonate. The 
percentage of each ingredient is calculated from the volume of 
acid consumed by it in the usual manner just as in the determina- 
tion of these compounds separately, care being taken to employ 
the proper factors. 

Observations.—Instead of directly titrating in presence of the 
BaCO, formed, the mixture may be made up to measure a definite 
volume, aliquot portions filtered off through a dry filter paper and 
titrated. The water used for dilution should be free from CO,. 
Since the volume of BaCO, is unknown, an error will be introduced 
in this operation. First portion of filtrate should be rejected. 

The BaCl, in excess, reacting with the hydroxide present, pro- 
duces an equivalent quantity of Ba(OH),, so that the alkalinity 
of the solution is not changed. A considerable excess of BaCl, 
should be added to decrease the hydrolysis of BaCQOs . 


B. Titration with Two Indicators. (Warder’s Method.) 


Titrate a solution of a portion of the sample in the cold (near 
o° C.) with the standard HCl, using phenolphthalein and stirring 
the mixture gently. The volume of the standard acid consumed 
(a) corresponds to hydroxide and one half of carbonate. 


NaOH + HCl= NaCl + H,O. 
Na,CO, + HCl= NaHCO, + NaCl (phenolphthalein). 

Then add to the titrated liquid 2 drops of methyl orange and 
titrate with the same standard acid to the production of reddish 
color. The volume of acid required in this titration (b) corre- 
sponds to one half of the carbonate. 

NaHCO, + HCl=NaCl-+ CO,+H,O (methyl orange). 


*Soerensen and Andersen, Ztsch. Anal. Chem., 1908, 25, p. 279. 
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When (0) is subtracted from (a) the difference gives the volume 
of standard acid corresponding to hydroxide, while twice (b) cor- 
responds to carbonate. From these volumes of the standard acid . 
consumed the percentage of each compound to which they corre- 
spond is calculated by employing their proper factors. 

Observations.—Method (B) is based on the behavior of the two 
indicators with carbonates and bicarbonates. Phenolphthalein re- 
acts with CO,, and, when the carbonate is converted into bicar- 
bonate, the pink color of its ions disappears. Methyl orange, being 
practically not affected by CO,, remains yellow until all carbonate 
or bicarbonate present is decomposed. However, an excess of CO, 
in solution is not entirely without effect on methyl orange so that 
for exact results, especially when weak standard V.S. are employed, 
the titrated liquid should be boiled when it becomes just pink, then 
cooled, more M.O. added and the titration completed. 

Hydroxides and carbonates together may be also determined, 
though less accurately by titration with N acid V.S. using as indi- 
cator phenacetolin. The V.S. is added to the solution of the 
sample until the yellow color produced by the hydroxide present 
is turned to red; the volume of the standard acid consumed corre- 
sponds to the hydroxide. The addition of the V.S. is then con- 
tinued until the red color just changes to yellow; the volume of the 
second portion of standard acid V.S. corresponds to carbonate. The 
value for carbonate will be somewhat higher, and that for the 
hydroxide proportionally lower. 


7. DETERMINATION OF CARBONATES AND BICARBONATES TOGETHER. 


A. The Bicarbonate is Changed Into Carbonate by NaOH. 
(Winkler’s Method. ) 


1. Determine the total alkali in one portion of a solution of the 
sample by titration with 8 or N acid V.S., using methyl orange. 
The volume of standard acid consumed (a) corresponds to car- 
bonate and bicarbonate. 

2. To another equal portion of the solution add an excess of 
standard NaOH, V.S. preferably of the same strength as the acid 
V.S., using a volume exactly equal to that of acid consumed in (1), 
then add a neutral, 10 per cent. solution of BaCl, in excess and 
titrate carefully with the standard acid, using phenolphthalein. 
Subtract the volume of the standard acid V.S. used from the volume 
of standard NaOH V-S. added; the difference gives the volume of 
the NaOH V.S. (0) consumed by the bicarbonate. 


NaHCO, + NaOH = Na,CO, + H,0. 


The volume of standard acid which corresponds to carbonate 
is found by subtracting (b) from (a). From these data the per- 
centages of carbonate and bicarbonate are calculated by employing 
proper factors for these compounds. 

Observations. — The reaction of hydroxide with bicarbonate, 
which shows why the two can not be present in the same solution, 
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is utilized in method A. To find how much bicarbonate a sample 
contains, a definite volume of standard NaOH V.S. is added, the 
carbonate then present removed by BaCl, and the unconsumed 
NaOH found by titration. The volume of the standard NaOH 
V.S. consumed, or an equal volume of a standard acid of the same 
strength, corresponds to the bicarbonate present. The NaOH V.S. 
should be of the same strength as the acid V.S. 


B. Titration with Two Indicators. (Warder’s Method.) 


Titrate a portion of sample in solution in the cold with 8% or % 
HCl V.S. in the presence of phenolphthalein, the tip of the burette 
being immersed in the titrated liquid. The volume of the standard 
acid V.S. consumed (a) corresponds to one half of the carbonate 
present. 


Na,CO, + HCl= NaHCO, + NaCl (phenolphthalein). 


Then add to the titrated liquid methyl orange and titrate to the 
production of pink color. The volume of the standard acid required 
(b) corresponds to one half of the carbonate and all bicarbonate 
present. 


NaHCO, + HCl= NaCl+ H,O + CO, (methyl orange). 


Subtract (a) from (0) to obtain the volume of standard acid 
V.S. corresponding to bicarbonate while twice (a) corresponds to 
the carbonate. From these calculate the percentage of each ingre- 
dient as usual. 

Observations.—In method (B) the solution should be cold and 
the tip of the burette immersed, during titration, to prevent loss 
of COs: 

This method may be employed for the determination, by titration, 
of aluminate and hydroxide of an alkali present together. Titrating 
with phenolphthalein, the standard acid V.S. corresponds to free 
alkali; with methyl orange to the alkali combined as aluminate. 


Insoluble or Sparingly Soluble Bases. 


8. DETERMINATION OF OXIDES AND CARBONATES. 


Magnesium, calcium, barium, strontium, zinc, manganese, etcy 
oxides and carbonates. 

Volumetric solutions employed: N or ¥ acid and N or ® alkali. 

Indicator: Methyl orange. 

Weigh accurately 0.5 to 1.0 Gm. of the dry powdered sample into 
a titration flask or use the residue obtained by evaporation of a 
solution and ignition, or ignition of an organic salt, add to it an 
excess of the standard acid carefully measured (30 to 50 Cc.), 
mix well and let stand 10 minutes. If the sample is a carbonate, 
heat to remove the CO, in solution and cool. Add 2 drops of the 
indicator and titrate with the standard alkali V.S._ In titration of 
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zinc compounds the alkali V.S. should be added in small portions 
and sufficient time allowed between additions for the precipitate 
(Zn(OH),) to redissolve. When one drop of the alkali V.S. is 
found to produce a yellowish color which another drop added 
changes to yellow, the titration is ended. Confirm the results so 
obtained by another titration carried out in precisely the same 
manner and calculate the percentage of the particular compound 
present in the sample applying the rule on page 24. 

Illustration —To each of two portions of 1 Gm. of a sample of 
zinc oxide, 40 Cc. of N acid V.S. were added and the unconsumed 
acid required for its neutralization 32.3 Cc., and 31.8 Cc. of § alkali 
V.S.; to calculate the percentage of ZnO in the sample. 

The factor for ZnO with N acid is 0.04085 Gm., and is derived 
from the equation: 


ZnO + -2HCl = ZnCl, + —H,0O. 
81.7 230.47, 


1 Lt. of N-HCl contains 36.47 Gm., and corresponds to 40.85 
Gmoof Zine “IsCc, OF the V-S, as; therefore, the equivalent of 
0.04085 Gm. of ZnO. 

The factor (equivalent of 1 Cc. of N acid) is 0.04085 Gm. 


WiGICIMler Ole Nm cele added at etree steno tre Mon be Siaeapete wine) Se 40.0 Ce. 
Volumesot 4 alkali required == 32 Ce;, equal to N V.S:. = 116.0 Ce: 
Volume of N acid consumed by 1 Gm. of sample........ 24.0 Ce. 


24 X 0.04085 0.9804 Gm. of ZnO in 1 Gm. of sample. By 
proportion, 
1:0. (OSO4. 7 LOOtH. 


0.9804 X 100 
es ae == 98.04. 
The sample is found to contain 98.04 per cent. of zinc oxide. 

Observations.—Bases, insoluble in water, do not affect indicators. 
To neutralize them completely requires an excess of the acid V.S. 
For these reasons the residual method of titration is employed in 
their determination. If, after standing and mixing for some time, 
the acid does not dissolve all of the sample taken for titration, more 
of the standard acid, carefully measured, should be added. Should 
this have no solvent action on the material the titration is carried 
on in the usual manner, as the presence of anything insoluble in 
the acid can not affect the results of the titration. 


9g. DETERMINATION OF ALKALINE-EARTH OXIDES AND CARBONATES. 


1. The total amount of both ingredients is determined in one 
portion of the sample, by residual titration, as given on p. 64. The 
volume of the standard acid V.S. consumed by the sample (a) 
corresponds to oxide and carbonate. 

6 
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2. In another equal portion of the sample the oxide is titrated 
with NX acid V.S. and phenolphthalein, the acid being added drop 
by drop to prevent decomposition of the carbonate. The volume of 
the standard acid required for this (b) corresponds to the oxide. 
When (a) is subtracted from (b) the volume of standard acid 
V.S., corresponding to carbonate, is obtained. The calculation of 
the percentage of each is then readily made. 


10. DETERMINATION OF ALKALINE-EARTH BICARBONATES. 
(Hehner’s Method.) 


One of the methods of determination of temporary hardness of 
water, which is due to the presence in it of bicarbonates of calcium 
and magnesium, is to titrate 100 Cc. of the sample with 4 HCl, 
using methyl orange. The quantity of bicarbonate indicated is 
calculated into CaCO , and expressed in parts per 100,000.  Per- 
manent hardness due to the presence of other salts of the alkaline- 
earth metals, chiefly chlorides and sulphates, may be determined 
by evaporating 100 Cc. of the sample with an excess of N sodium 
carbonate V.S., the volume being carefully measured, to dryness, 
extracting the residue with portions of distilled water, filtering 
and titrating the filtrate with NX acid V.S. The volume of standard 
Na,CO, V.S. consumed by the salts in the sample is used for calcu- 
lation of the permanent hardness. 


MgCl, + Na,CO,= MgCO, + 2NaCl. 


Observations. —This titration for permanent hardness is of value 
only when no alkali carbonates are present in the water and, there- 
fore, is not available for alkaline waters. 

Hardness of water is usually determined by Clark’s method in 
which a standard alcoholic solution of soap is employed. Soap 
is not decomposed by alkalies but, with alkaline-earth metals in 
solution, insoluble compounds are formed which do not produce 
lather on shaking. The soap solution should be freshly standard- 
ized with standard CaCl, solution. For total hardness the soap 
solution is added directly to a measured volume of the sample; 
for permanent hardness, to an equal volume of the sample after 
boiling, until, in each case, on shaking, a permanent lather is formed. 
From the larger volume of the standard soap solution consumed 
and from the difference of the two volumes which corresponds to 
the temporary hardness, the corresponding values for total and tem- 
porary hardness are obtained. 


11, DETERMINATION OF SOLUBLE SALTS OF METALS PRECIPITATED 
BY SODIUM CARBONATE, 
Volumetric solutions employed: X sodium carbonate and \ HCl. 
Indicator: Methyl orange. ‘ 
Dissolve a weighed quantity of the sample, placed in a measuring 
flask, in water, using a little dilute acid if necessary, and neutralize 
the liquid with NaOH solution, using methyl orange. Add an 
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excess of the N sodium carbonate V.S., measuring its volume care- 
fully, agitate the mixture until the precipitate becomes coarse and 
settles readily. Dilute with water to the mark and filter off aliquot 
portions for titration, using methyl orange. From the volume of 
standard sodium carbonate V.S. consumed by the sample, calculate 
the percentage of the salt sought, deriving the required factor 
from an equation representing the involved reaction. 


Il. OrGANICc BASES. 
12. DETERMINATION OF ALKALOIDS. 


General Properties —Alkaloids are the active constituents of cer- 
tain vegetable drugs. They are basic in character and are present 
in the plant parts combined with various acids as salts. Though 
these alkaloidal salts are more or less soluble in water they can not 
readily be separated from other ingredients in a state of purity, 
while alkaloids (the bases) allow of practical isolation. 

The activity or value of a potent drug which contains an alkaloid 
or alkaloids is dependent directly on the amount of the alkaloid or 
alkaloids it contains. Such drugs are therefore assayed or their 
alkaloidal content is determined by analysis for purposes of vaiu- 
ation. 

The soluble inorganic bases including the carbonates and bicar- 
bonates are much more strongly basic than the alkaloids, and when 
added to their salts in aqueous solutions decompose them, liberating 
the alkaloids. The solid alkaloids, when thus set free, separate as 
a precipitate. 

Solubility—Most alkaloidal salts are soluble in water and the 
presence of an acid is found to increase their solubility. The alka- 
loids themselves do not dissolve in water, but will readily dissolve 
in dilute acid, in which case, the alkaloid having formed a salt of the 
acid, it is really the salt that is dissolved. The alkaloids dissolve 
in certain other solvents known as “volatile solvents” such as: 
- alcohol, ether, chloroform, acetic ether, benzene, petroleum benzin, 
etc., but not in carbon tetrachloride. Of these solvents those which 
do not mix readily with water are called “the immiscible solvents.” 
Alkaloidal salts are, as a rule, insoluble in the immiscible solvents. 
The separation and determination of alkaloids is based on these 
differences of solubility of the alkaloids and their salts. The 
immiscible solvents serve to separate and remove the alkaloids from 
the solution of their salts, the alkaloids being set free by addition 
of a soluble stronger base. Conversely, a solution of an alkaloid 
in an immiscible solvent will, when shaken with dilute acid, yield 
the alkaloid to the acid in which the alkaloidal salt formed readily 
dissolves. The separation is, therefore, chemical as well as me- 
chanical. 

The “ Shaking Out ” Process.—To summarize, we see that solu- 
tions of alkaloidal salts in water, or water slightly acidified, yield 
their alkaloids to the immiscible solvents when such solutions are 
made alkaline and thoroughly shaken with the solvent, and that the 
alkaloid may be made to pass into the aqueous solution as a salt, 
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if the solution of it is strongly agitated with acidified water. Inti- 
mate mixing is therefore essential for complete extraction, and is 
best brought about by shaking the two liquids in a closed vessel. 
When the two liquids have separated, the heavier may be drawn 
off or the lighter can be siphoned or poured off to separate them. 

But, since the alkaloids are not entirely insoluble in water, espe- 
cially when this is charged with the volatile solvent, while some 
of the alkaloidal salts are somewhat soluble in the volatile solvent 
saturated with water, the “ shaking out” treatment is to be repeated 
several times with new portions of the solvent in order to make 
the separation complete. Usually diminishing portions of the sol- 
vent are added and the shaking repeated until a small portion of 
the last extract gives no reaction when tested with a general alka- 
loidal reagent. 

Testing for Alkaloids——When an aqueous, or acid solution, is to 
be tested, few drops of the liquid are placed in a clean watch 
glass and a drop or two of mercuric potassium iodide solution 
(Mayer’s Reagent) are added. A white to yellowish precipitate 
forms with even a very small quantity of an alkaloid. 


Fic, 27. SEPARATORS. 


Solutions of alkaloids in volatile solvents must be evaporated to 
dryness before testing. Few drops of the liquid are allowed to 
evaporate spontaneously, or, if alcoholic, are evaporated on water- 
bath, residue taken up with 2-3 drops of N acid and when dissolved, 
the alkaloidal reagent is added. 

Mercuric Potassium Iodide Solution—Mercuric chloride, 1.344 
Gm., dissolved in 60 Cc. of water is mixed with 5 Gm. KI dissolved 
in 10 Ce. of water and the solution diluted to measure 100 Ce. 

Separation.—To facilitate the separation of the immiscible liquids, 
specially devised, glass vessels called “separators” are employed. 
Separators are conical or pear-shaped, Fig. 27, the neck provided 
with a well fitting glass stopper and the stem with a glass stopcock. 
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The stem should be short, and its end obliquely ground. When 
shaken, the contents of a separator often become warm due to 
the heat of the reaction, friction, or the heat of the hand. The 
pressure of the vapors within increases and should be occasionally 
relieved by holding the separator in an inverted position (stem up) 
and opening the stopcock temporarily. This is necessary to avoid 
loss of the contents which is apt to occur if the 
stopper should be blown out. 

Concentration of the Solutions.—A solution of 
the alkaloidal salt to be treated for extraction 
by the “ shaking out” process should not be very 
dilute. Though alkaloids, being weak bases, are 
ionizable to only a minute extent, their ionization 
becomes more appreciable the more dilute the 


solution. The volatile solvent in which the alka- | 
loids do not ionize, dissolves out only nonionized 
molecules; for this reason the weaker the solu- 
tion from which the alkaloid is to be shaken out, 
the larger the proportion of it will be retained 
in solution. 

Again, the alkaloidal salts being those of weak 
bases are hydrolyzed to a greater or less extent, 
the free base though ionizing sparingly is held 
by the volatile solvent when shaken with an acid, 
and the larger the volume of solution used the Fic. 28. PERcoLaA- 
more alkaloid is bound to remain in it. Acids 7 pilosa Se 
or acid salts overcome this action to a marked eas eran 
degree; however, it has been lately observed that 
the alkaloidal salts, in the presence of acids are themselves more 
soluble in the immiscible solvents. 

Emulsions.—Very vigorous shaking with an immiscible solvent 
is not always necessary to extract the alkaloids or their salts, and 
should be avoided in certain instances, especially when the sample 
is prone to form an emulsion. These emulsions always hold some 
of the alkaloid; most of them break up slowly if at all, within 
reasonable time and are otherwise troublesome to handle. Emul- 
sions are less apt to form with chloroform, or a mixture of chloro- 
form and ether than with ether alone. The tendency to emulsifica- 
tion may be minimized by shaking gently with a rotary motion of 
the separator or by increasing the difference in densities of the 
two liquids. When the solvent is largely chloroformic, more chloro- 
form should be added; when ether is employed the aqueous liquid is 
made denser by the addition of pure sodium chloride to saturation. 
Cooling the separator and the contents has also been recommended. 
To break up an emulsion formed during shaking is not always an 
easy matter. Addition of NaCl to saturation or of its saturated 
solution is often effective; though evaporation on water-bath and 
stirring until the volatile solvent is removed is usually practiced. 
Addition of few drops of alcohol and filtration through cotton in 
a small percolator may be tried. The small percolator, Fig. 28, 
is prepared with absorbent cotton resting on a piece of platinum 
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wire (though glass wool will answer), the apparatus being arranged 
for suction filtration. If the emulsion should clog the percolator 
suction is applied. The cotton will retain the emulsifying agent 
(gum) and any alkaloid retained by it must be removed by washing 
with small portions of ether. 

Rapid rotation in a centrifuge is an excellent means of separating 
many emulsions. 

When a solution can not be shaken out without troublesome 
emulsification it may be extracted by perforation. 

Purification of the Extracted Alkaloid—Though it is possible 
to separate and remove, under proper conditions, from a drug or its 
preparations, practically all of the alkaloid contained therein, it is 
found that the first extract will contain, beside the alkaloid, many 
impurities such as resinous matters, extractives, fats, colors, etc., 
which are taken up by the solvent. In order to remove these im- 
purities the alkaloid in solution in the immiscible solvent is con- 
verted into a salt by shaking with dilute acid, the salt formed being 
soluble in weak acid is taken up by it while most of the impurities 
remain in the volatile solvent. The acid solution of the salt, when 
made alkaline and shaken out with portions of the pure immiscible 
solvent, will give up the alkaloid to the latter, and this treatment 
if repeated will free the alkaloid effectively of all the impurities. 

Alkaloidal Residues.—After the alkaloid of a drug has been 
completely separated, and if necessary purified, the analysis is com- 
pleted by evaporation of the volatile solvent in which it is dissolved 
and weighing the alkaloidal residue or determining the alkaloid 
in the residue by titration. The alkaloidal residue is usually a 
varnish-like amorphous mass more or less impure from fats, resins, 
extractive matters, colors, soaps, etc. Unless its alkaloids are actu- 
ally identified by proper tests, it is simply assumed to contain those 
alkaloids supposed to be contained in the drug assayed; this, it 
will be observed, need not be the case. The alkaloidal residue 
should be weighed only when it consists of the pure alkaloid or 
alkaloids which are being determined, though this is seldom the 
case. If the alkaloid is a liquid it should be converted into a salt 
(the hydrochloride) and weighed as such. 

Weighing the alkaloidal residue would be preferable were it pos- 
sible to purify it without material loss. Resort must therefore 
be had to the volumetric determination which, for certain drugs, 
is the only method available. It is, however, of advantage to 
weigh the residue even when it is to be titrated. When chloroform 
has been used as the solvent the alkaloidal residue is apt to hold 
ammonia which, if not removed would, in titration, consume some 
of the standard acid used. Ammonia is removed by dissolving the 
residue in 3 to 5 Cc. of pure ether and evaporating to dryness on a 
water-bath. Chloroform, if allowed to remain in contact with an 
alkaloid in solution during a longer period of time (over night), 
will decompose with the production of appreciable quantities of 
HCl and COCl,. The HCl will neutralize some of the alkaloid, 
causing the volumetric results to be low while the gravimetric 
become high, the increase in weight being due to the salt formed. 
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However, the error due to this cause has been found very small 
and, according to H. Sumner (Arch. der Pharm., 1907, 627) may 
be regarded negligible. 

Titration of Alkaloids.—The titration of alkaloids is residual, 
the volumetric solutions commonly employed are: N acid, preferably 
sulphuric and N alkali V.S. For most alkaloids the indicators 
employed are iodeosin’ or cochineal, if the solution is colorless or 
nearly so, in which case hematoxylin or gallein may be also used. 
For lightly colored residues, or solutions, iodeosin is preferred to 
cochineal, the ethereal layer usually holding the coloring matters 
in solution. For very highly colored solutions, fluorescin is the 
best indicator. 

Operation. (General Method.)—For titration, the alkaloid or 
alkaloids contained in the ethereal solution are obtained as a 
residue by evaporation of the ethereal extract to dryness. The 
residue which is usually resinous, is freed of ammonia if chloro- 
form has been used, and is dissolved in a measured volume of 
N (sometimes NX) sulphuric acid, the acid being used in excess. 
For this from 3 to 5 to 15 Cc. of the standard acid will be found 
sufficient in ordinary cases, though this volume will depend on the 
quantity of sample and of alkaloid present. Should solution take 
place very slowly, gentle warming will be found to assist it mater- 
ially, though in any case titration should be made only after at least 
15 minutes were allowed for digestion.. The proper indicator having 
been added, the unconsumed acid is titrated with the X alkali V.S. 
At least two such titrations should be made for the purpose of 
checking results. It is important to perform these titrations with 
special attention to proper conditions, and all other details in which 
they should not differ. The end-reaction is seldom very sharp, 
due to the influence of the impurities present in the alkaloidal 
residue, and it is necessary to titrate to a distinct shade of color 
determined upon by a blank titration. The volume of the V.S. of 
alkali required to neutralize the excess of the standard acid is 
then converted into its equivalent of XN, and this is then subtracted 
from the volume of acid added, the difference which represents 
acid consumed by a residue is used in calculating the percentage 
of the alkaloid. Calculation of the results differs in no way from 
those of other volumetric determinations, viz.: 


Cc. V.S. consumed * Factor & I00 


Weight sample geese 


The table of equivalents of alkaloids on page go gives these only 
for the tenth-normal acid. When a standard acid V.S. of other 
strength is used the proper factors may be readily derived from 
those given in the table. 

Illustration—Two 10 Gm. portions of belladonna leaves were 
extracted by maceration and percolation, the alkaloids shaken out and 
the residue left on evaporation of the volatile solvent, then titrated. 
In each case 4 Cc. of & H,SO, V.S. were added and the excess of 


1¥or titration in the presence of iodeosin, see under Indicators, p. 30. 
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acid titrated with NX alkali, using iodeosin. Of the standard alkali 
14.7 Ce. and 14.3 Cc., respectively, were required; to calculate the 
percentage of alkaloids in the sample. 


Average of §, alkali V.S. required = 14.5 Ce. 


14. 
Converted into \ VS.=48 = ZOE, 
Tenth-normal acid added = 4.0 Ce. 

Tenth-normal acid unconsumed = 2.9 Cc. 

Tenth-normal acid consumed by alkaloids in residue = 1.1 Cc. 


1 Ce. of X acid V.S.= 0.02892 Gm. of belladonna alkaloids (see 
p. 90). 1.1 X c.02892 == 0.031812 Gm. of alkaloids in the residue. 
Since 10 Gm. of sample were used, then by proportion: 

LOL0,03 151 2))5 100721. 
___ 0.031812 X 100 
aa 10 


0.31812 per cent. of alkaloids in the sample. 


13. Assay OF DruGS AND THEIR PREPARATIONS. 


(a) Powdered Drugs.! (General Method of Treatment.)—A 
suitable quantity, 5 to 20 Gm., of the drug in fine (No. 60) or very 
fine (No. 80) powder is macerated in a flask, bottle or mixing 
cylinder provided with a well-fitting stopper. The immiscible sol- 
vent employed is ether, chloroform or a mixture of these sometimes 
with a small portion of alcohol. (Prollius fluid.) As a pre- 
cipitant for the alkaloid ammonium hydroxide, 10 per cent., is 
the most commonly used alkali except in an assay of physostigma 
when sodium bicarbonate solution is employed. The precipitant 
is either added to the solvent before maceration or is introduced 
after the solvent and drug have been mixed. The quantity of the 
solvent needed differs with the character of the drug itself as well as 
with the quantity of sample taken and the method followed. It is 
important to use the right quantity of the solvent; especially, in 
those assays in which an aliquot portion of the ethereal solution is 
to be used for subsequent treatment, is the volume of the solvent 
to be accurately measured. Maceration, with occasional shaking, 
requires from I to 12 hours; the time may, however, be shortened 
to 4 hours by the use of a mechanical shaker. To clarify the 
resulting turbid mixture, a small quantity of water which causes 
the powder to collect in masses, is sometimes added. 

The function of ammonium hydroxide is to liberate the alkaloids 
in the presence of the solvent which is ready to take them up and 
hold them in solution; so that in this process the alkaloids are sup- 


posed to be completely extracted. Two methods of subsequent 
treatment are now open. 


* Opium and its preparations require a different method of treatment, mor- 
phine being almost insoluble in the immiscible solvents. 
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(1) The mixture is transferred to a small percolator and the 
drug completely exhausted by percolation with more of the men- 
struum, and the ethereal solution subjected to the shaking-out 
treatment (assay of belladonna, hyoscyamus, stramonium, scopola, 
cocoa ). 

(2) A portion of the ethereal solution corresponding to a given 
weight of the drug is drawn off, if clear, by means of a pipette 
or, if turbid, is filtered off, and the ethereal solution subjected to 
the shaking-out process. (Assay of cinchona, colchicum, conium, 
hydrastis, nux vomica, pilocarpus. ) 

Weighing of the aliquots has been recommended. It will be 
evident that if this is to be practiced the solvent taken for maceration 
must also be weighed. Of these two procedures the complete ex- 
traction by percolation is the more reliable. By taking an aliquot, 
whether by measuring or weighing the ethereal solution, an error 
is introduced. If, for example, 15 Gm. of a drug were macerated 
with 150 Cc. of the menstruum and 100 Cc. of the ethereal solution 
were drawn off, it is evident that these 100 Cc. correspond to 
10 Gm. of the drug and the supposition is that they also contain 
all the alkaloids from 10 Gm. of the sample. This is hardly ever 
true. With no loss of the solvent during maceration and measuring, 
the amount of alkaloids in 100 Cc. of the ethereal solution will be 
less than is present in 10 Gm. of the drug, on account of the dissolved 
impurities and the absorption of water. When, however, some of 
the solvent has been lost by evaporation and this is often unavoid- 
able, then through concentration of the solution the proportion of 
alkaloids in it will become increased and will be more than the 
10 Gm. contained. 

The ethereal solution is usually shaken out with N or diluted 
sulphuric acid (hydrochloric, hydrobromic and nitric acid salts of 
alkaloids are more soluble in volatile solvents than those of sul- 
phuric, phosphoric, tartaric or citric acids) or the solution is 
evaporated to dryness, and the alkaloids in residue taken up with 
N sulphuric acid and water. [From the acid solution the alkaloid 
is shaken out with chloroform or ether after the solution has been 
made alkaline. The assay is then completed by weighing the residue 
obtained by evaporation of the solution on water-bath or the residue 
is dissolved in 3-15 Cc. of 4 H,SO, V.S. and the excess of acid 
titrated with XN alkali V.S. ; 

(b) Extracts, Resinoids, etc.—Powdered extracts are mostly 
treated like the powdered drugs, the quantity used for assay being 
diminished in proportion to their strength. Solid or soft extracts 
are preferably dissolved in appropriate menstruum, then freed of 
alcohol by partial evaporation or evaporated to dryness with clean 
sand and the residue treated with the volatile solvent as are the drugs. 

(c) Fluidextracts.—Certain fluidextracts are treated directly in 
a separator with the volatile solvent and the base which liberates. 
the alkaloids, or, after dilution with water, are shaken out with 
the immiscible solvent. In other cases the alcohol is removed by 
evaporation to dryness at low temperature (aconite, ipecac, nux 
vomica) or evaporated with clean sand (conium, pilocarpus), the 
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residue taken up with dilute acid and subjected to the shaking-out 
process. ‘ 

(d) Tinctures.—Some tinctures are dealcoholized and concen- 
trated by evaporation to #5 volume and then shaken out with dilute 
acid (belladonna, cinchona, colchicum seed, hydrastis, hyoscyamus, 
stramonium). The evaporation may be carried on to dryness and 
the residue taken up with dilute acid (aconite, nux vomica, phy- 
sostigma). Other tinctures are treated like the corresponding 
fluidextracts or extracts. 

(e) Syrups.—For the extraction of alkaloids from syrups, Drag- 
endorff’s Reagent! has been used. Of the sample 20 Cc. or, if 
percentage is required, 20 Gm. are mixed with 50 Cc. of water, 
15 Cc. of 10 per cent. sulphuric acid, 5 Cc. of the reagent added, 
mixed, and left to remain over night (12 hours). The precipitate 
is collected on a quantitative filter paper, previously moistened with 
dilute H,SO,, and washed twice with 10 per cent. sulphuric acid, 
allowing to drain each time. The filter paper and contents are 
then transferred to a 100 Cc. mixing cylinder, about 0.3 Gm. of 
sodium sulphite and 30 Cc. of 15 per cent. NaOH solution added 
and the mixture well shaken. Now about 15 Gm. of NaCl and 
exactly 50 Cc. of anhydrous ether are introduced and the securely 
stoppered cylinder shaken, at intervals, during 12 hours. When | 
the two liquids have finally separated, 25 Cc. of the clear ethereal 
solution are drawn off (corresponding to 10 Cc. or 10 Gm. of 
sample), the ether allowed to evaporate and the residue titrated, 
using 5 drops of cochineal tincture. 

(f) Glycerites—From a solution in glycerin the alkaloids may 
be separated by precipitation with Wagner’s reagent (1+ KI 
solution) the precipitate filtered off, decomposed with SO, and the 
free alkaloids shaken out with the immiscible solvent, the assay 
being completed as directed under the respective drug. 

(g) Ointments.—Ointments are dissolved in the immiscible sol- 
vent and the solution is repeatedly shaken out with dilute sulphuric 
acid. Any residue, insoluble in ether, is taken up with dilute sul- 
phuric acid, the acid solution made alkaline, extracted with ether or 
chloroform or a mixture of these, and the solution then mixed 
with the ethereal solution of the larger portion. 


14. THE Lioyp’s MetHop or AsSAyY. 


The separation of alkaloids from fluidextracts, solutions of ex- 
tracts, or concentrated tinctures, is carried out with chloroform in 
presence of ferric hydroxide, the liberating agent being a bicar- 
bonate. The ferric hydroxide serves to retain coloring and extrac- 
tive matters, acids, tannin, etc. The ferric hydroxide is formed, 
m situ, by sodium bicarbonate which also liberates the alkaloids. 
Of a sample of fluidextract usually 5 Cc., accurately measured, are 
mixed with 2 Cc. of a solution of ferric chloride (U.S.P. strength) 
ina small mortar and the NaHCO, then added in powder until, 
on mixing, a firm paste results. The alkaloids are extracted by 


*For composition see 16, page 75. 
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repeated trituration with portions of chloroform, until the final 
extractions are found free from alkaloids. The chloroformic 
solution is then shaken out with dilute acid and this, when made 
alkaline, again with chloroform or it may be evaporated to dryness 
and the alkaloidal residue treated as in other assays. 

The chloroformic solution of the alkaloids is, as a rule, remarkably 
free from color and most other impurities, yet the method has several 
drawbacks which overbalance this advantage. The extraction con- 
sumes much time and considerable loss of chloroform results, while 
complete exhaustion of the sample is by no means assured. It 
has been pointed out also, that sodium bicarbonate does not pre- 
cipitate strychnine, brucine or veratrine. 

As decolorizing agent, lead subacetate is used for highly colored 
liquids and has been lately employed for the assay of opium and 
hyoscyamus. When used, a solution of it is added in excess and 
the lead in the filtrate is removed by H,S or Na,SO,, or with & 
oxalic acid as in the assay of opium, or by Na,HPO, as with 
hyoscyamus. 


15. GorDIN’s MeETHop oF TITRATION OF ALKALOIDS, 


Volumetric solutions employed: X acid and & alkali. 

Indicator: Phenolphthalein. 

To the alkaloidal residue to be titrated, an excess of N HCl is 
added, the volume accurately measured, then an alkaloidal precipi- 
tant (Mayer’s or Wagner’s reagent) is added in slight excess and 
the mixture made to measure exactly 100 Ce. After settling, 50 
Ce. of the clear liquid, corresponding to one half of the residue, 
are filtered off and, if Wagner’s solution has been used, decolorized 
with Io per cent. sodium thiosulphate, and the acid in excess titrated 
with X alkali V.S. using phenolphthalein. From the volume of 
® HCl consumed by the alkaloid, the percentage of it in the sample 
is calculated. The alkali V.S. must of necessity be free from car- 


bonate. 


16. ALKALOIDS By PorassituM-BisMUTH IODIDE. 
(Dragendorff’s Reagent.) Method of Thoms. 


Volumetric solution employed: ;N, hydrochloric acid. 

Indicator: lodeosin. 

The reagent: Dissolve 80 Gm. of bismuth nitrate in 200 Cec. 
nitric acid sp. gr. ==1.18, and pour this solution into a concentrated 
solution of 272 Gm. of potassium iodide in water. Let stand to 
separate KNO, and dilute the clear solution to measure 1000 Cc. 

The alkaloid to be determined should be in the form of sulphate. 
A suitable quantity of the alkaloidal salt, or the alkaloidal residue 
obtained by extraction with a volatile solvent and evaporation, is 
dissolved in a little diluted sulphuric acid, an excess of the reagent 
added (about 10 Cc.), the contents of the vessel well mixed and 
filtered. The precipitate is washed with 10 Cc. of 5 per cent. sul- 
phuric acid, transferred with the filter paper to a 1oo-Cc. mixing 
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cylinder, 10 Cc. of 10 per cent. NaOH, 10 Gm. of crystalline sodium 
carbonate added and the mixture shaken during 10 to 15 minutes. 
Then 50 Cc. of anhydrous ether, accurately measured, are intro- 
duced and the shaking continued for 20 minutes. By means of a 
pipette, 25 Cc. of the clear ethereal solution are carefully trans- 
ferred to 250-Cc. flask, provided with a well fitting stopper, in 
which too Cc. of distilled water were previously mixed with 5 
drops of iodeosin and 20 Cc. of ether and the red color of the water 
just discharged with a few drops of 34 HCl V.S. The flask is 
then closed, the contents well mixed by shaking, and the alkaloid 
titrated with the N, HCl V.S. From the volume of the standard 
acid consumed the percentage of the alkaloid present is calculated. 

To assay extracts by this method, 4 Gm. of the sample are 
shaken with 50 Cc. of 90 per cent. alcohol during three hours and 
the mixture filtered. One half (25 Cc.) of the filtrate is evaporated 
sufficiently to remove all alcohol, 10 Cc. of Io per cent. sulphuric 
acid added followed by 5 to 10 Cc. of the reagent and the assay 
proceeded with as given above except that 20 Cc. of 15 per cent. 
NaOH are used, the Na,CO, omitted, and the shaking with ether 
continued during three hours. 


17. DETERMINATION OF PYRIDINE. 


Ordinary indicators not reacting with pyridine, the methods of 
titration must be modified accordingly. One such modification 
utilizes the reaction of pyridine with ferric salts in which ferric 
hydroxide is formed: 


FeCl, + 3C,H,N + 3HOH — Fe(OH), + 3C,H,N-HCl. 


A weighed quantity of the sample of pyridine, diluted with water, 
is added to a neutral solution of ferric chloride in excess and the 
mixture well agitated. The ferric hydroxide formed is then titrated 
with N acid V.S., which is added slowly and carefully until the ferric 
hydroxide is just dissolved. From the volume of the standard acid 
consumed the quantity of the base is calculated in usual manner. 

1 Ce. of N acid corresponds to 0.07906 Gm. of pyridine. 

If, however, patent-blue be used as indicator, pyridine may be 
titrated directly in ethereal solution as recommended by Millbauer 
and Stanek. (Ztsch. anal. Chem., 1904, 43, 217.) The indicator 


with bases gives—=blue; with acid= yellow-green. See Pyridine 
in Ammonia. 


18. PyrIDINE IN AMMONIUM HypROXIDE. 
(Indicator, Patent-Blue V, N.) 


Of the sample roo to 200 Cc. are diluted with an equal volume of 
water, a drop of the indicator is added and then diluted with sul- 
phuric acid until neutralized. The solution is then cooled, 10 to 
15 drops of Na,CO, solution added, and the liquid shaken with ether 
in three successive portions. The total ethereal solution is filtered 


and shaken with a measured volume of XX sulphuric acid V.S. used 
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in excess, the indicator added and the excess of the acid determined 
by titration with N NaOH in the presence of pure sodium chloride 
which is added to saturation of the aqueous portion of the liquid. 
From the volume of standard acid consumed by the pyridine, the 
percentage of it in the sample is calculated. 

1 Ce. of X acid corresponds to 0.007906 Gm. of pyridine. 

Ammonium salts are dissolved and treated as ammonium hydrox- 
ide. When the quantity of pyridine present is very small, the acidi- 
fied solution of the sample is evaporated to dryness on water-bath 
and the residue extracted with alcohol. After the alcoholic solution 
has been acidified and the alcohol removed by distillation, the alco- 
holic residue is then taken up with water and treated as above. 


B. ACIDIMETRY. 


The determination of acids and acid-salts, by means of standard 
V.S. of the alkalies, is known as acidimetry. Most of the organic 
acids, but only the stronger inorganic, are determined by titration; 
the other inorganic acids are more accurately determined we other 
methods which will be noted in due order. 


I. The Inorganic Acids. 
19. DETERMINATION OF THE STRONGER ACIDS. 


Hydrochloric, nitric, sulphuric, phosphoric, hypophosphorous ; 
also hydrobromic, hydriodic and hydrofluoric, though these are best 
determined by precipitation. See Chapter III. 

Volumetric solutions employed: N, ® or & alkali. 

Indicator: Methyl orange. 

Weigh accurately (see note) a suitable quantity of the sample 
(3 to 5 Gm. of concentrated 10 to 15 Gm. of the dilute acid) dilute 
it with water to a definite volume at standard temperature and titrate 
aliquots with the standard alkali V.S. Dilute each portion to 
measure 50 Cc., add 2 drops of the indicator and run in the V.S. 
in small portions at first, reducing the flow to drops towards the end 
of the reaction. When the red color of the titrated liquid takes 
on an orange or almost yellow tint, discontinue the addition of the 
V.S., read the burette and accept the reading only if another drop 
of the V.S. is found to produce a pure yellow color. Should more 
than one drop of the alkali V.S. be required to produce the end- 
reaction, the alkali V.S. should be added in this cautious manner 
and the reading taken just before the final drop is added. From 
the average of at least two closely agreeing titrations the percentage 
of the particular acid in the sample is calculated. 

Illustration —Of a sample of nitric acid, 2.5 Gm. portions re- 
quired an average of 36.5 Cc. of ¥ NaOH V.S.; to calculate per- 
centage of absolute HNO, in the sample. 

The factor.of HNO, (equivalent of 17Ce. of & alkali V.S.) is 
0.03151 Gm., and is derived from the equation: 


HNO, -- NaOH = NaNO, + H,O. 


63.02 40.01 
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40.01 parts of NaOH react with, or neutralize, 63.02 parts of 
HNO,. Since 1 Lt. of ¥ NaOH V.S. contains 20.015 Gm. and 
corresponds to 31.51 Gm. HNO,, 

t Cc. of the V.S. is the equivalent of 0.03151 Gm. HNO,. 

The factor being 0.03151 Gm. and since 36.5 Cc. of ¥ alkali 
were used, 36.5 X 0.03151 = 1.150115 Gm. 


ZGetsTCOLLS 7 100s V, 


pa tOUSX 10° — 46.00 + per cent. 


The sample of nitric acid is found to contain 46.00 per cent. 
ODtTLNO:. 

Notes.—Dilution of strong sulphuric acid should be performed 
with proper care and the acid poured into water. : 

The acid taken for analysis need not be weighed if its exact 
specific gravity is known. Since the determination of exact Sp. 
Gr. necessitates accurate weighing, little is gained by such procedure. 
Specific gravity taken with an areometer is, however, a useful indi- 
cation of the quantity of the sample to be taken for titration. 

Titration of acids is interfered with by ferric salts when these are 
present. To overcome their undesirable influence, C. C. Ahlum 
(Tr. Chem. Soc., 1906, V. 89) recommends the addition of sodium 
dihydrogen phosphate (NaH,PO,) solution of standard strength. 
The precipitate of FePO, is filtered off, and the acidity of the filtrate 
found by titration. Irom the quantity of Fe present (separately 
determined), the amount of acid due to its reaction with the phos- 
phate is calculated and when this is deducted from the total acid 
found by titration of the filtrate, the quantity of acid present in the 
sample is obtained. In titration, methyl orange is used as indicator. 


20. DETERMINATION OF Boric AcIp. 


Volumetric solution employed: % NaOH free from CO,. 

Indicator: Phenolphthalein. 

Accurately weigh about 2 Gm. of the sample, dissolve it in 50 Cc. 
of water, add 50 Cc. of neutral glycerin, then 2 drops of the indi- 
cator, and titrate with the standard alkali V.S. to the production of 
pink color. From the volume of the NaOH V.S. consumed calcu- 
late the percentage of boric acid in the sample. The factor for 


boric acid with ¥ alkali V.S. is 0.031015 Gm., and is derived from 
the following equation: 


H,BO, + NaOH = NaBO, + 2H,0. 
62.03 40.06 


1 Lt. of ¥} NaOH V-.S. contains 20.03 Gm. and corresponds to 
ehOL, son .bO,. 


I Cc. of the V.S. is the equivalent of 0.031015 Gm. H,BO,. 
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21. DETERMINATION OF BorAx THROUGH Boric ACID. 


Volumetric solutions employed: §% acid and § NaOH free 
from CO,. 

Indicators: Phenolphthalein and methyl orange. 

Dissolve 1 Gm. of the sample (uneffloresced salt) in 30 Cc. of 
water, in a medium flask, add 2 drops of M.O. and run in the ¥ 
acid until a rose-red color is produced. Boil the liquid under a return 
condenser, Fig. 29, 5 minutes, cool, rinse 
the condenser with small portions of 
recently boiled distilled water and neu- 
tralize any free acid by careful addition 
of the ¥ alkali V.S. To the titrated 
liquid, which has been made yellow by 
Onepurop ,oOtethe: w\r>.,. add, 56)-Cor of 
neutral glycerin, two or three drops of 
phenolphthalein and titrate with the ¥ 
alkali to distinct pink color. From the 
volume of the standard alkali required 
to neutralize the boric acid in the liquid, 
calculate the percentage of borax in the 
sample. To calculate borax from the 
borics acid titrated; the ratio of their 
molecules is first established from the 
equation: 


Ane DO.e=t Nase @O7-1011.©. 
A 6203) = 382.20 


1 Lt. of Nalkali corresponds to 31.015 
Gime of HBO: and “also to 47.7650 
Gm. borax. 

t2 Ce aotr valkaliis, stheretore, thie 
equivalent of 0.0477650 Gm. of Na,B,O,; 
SHKe) I OY, 

Observations.—Boric acid is neutral 
to methyl orange and can not be titrated 
when this indicator is used. With phe- 
nolphthalein, the end-reaction, which 
takes place when one of the three hy- 
drogens of the molecule is replaced by 
a metal, is uncertain on account of ye pg bs che: aN eee 
the hydrolytic action of water on the RUE CO ee 
product of the reaction. To overcome 
this action, glycerin is added (mannite is claimed to be even 
better), the end-reaction being in its presence sharp and _ cor- 
rect. The quantity of glycerin needed is proportional to the vol- 
ume of the titrated liquid and may be regulated by adding the 
glycerin in portions until it ceases to discharge the red color of the 
alkali-phenolphthalein at the end of the titration. The reason for 
the required absence of CO,, from the V.S. as well as from the 
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titrated liquid, is obvious. When the sample itself contains CO,, 
this gas must be removed by boiling under return condenser to pre- 
vent loss of boric acid, which is volatile with water vapor. 

Borates are alkaline to methyl orange. When an acid is added to 
a solution of a borate in presence of methyl orange, the red color 
of the end-reaction appears only when the boric acid of the borate 
has been liberated. The acid acts on phenolphthalein and is titrated 
in the presence of that indicator. In the absence of other bases or 
interfering compounds, borates may be determined alkalimetrically. 

Boric acids and borates, present im foods as preservatives, may be 
determined by titration in the manner just given for borax, after 
the sample has been properly prepared. To prepare the sample, 
100 Gm. of the material are made distinctly alkaline with NaOH, 
evaporated to dryness in a platinum dish and the dry residue 
ignited. The ash is heated with 20 Cc. of water, few drops of 
HCl are added to dissolve it and, to the solution, transferred to a 
100-Cc. flask, is added 0.5 Gm. of CaCl, After neutralizing the 
solution with §¥ NaOH, 25 Cc. of lime water are added and the 
mixture made up to 100 Cc. After the mixture has been well 
shaken, 50 Cc. are filtered off through dry filter paper and titrated 
with N sulphuric acid V.S., using methyl orange. When a distinct 
pink color has been produced, the solution is subjected to boiling 
under return condenser, etc., the method for borax being followed 
from this point on. 

In butter, boric acid is determined by extraction with hot water 
and titration. For extraction, a rather large quantity of the sample 
(25-30 Gm.) is heated with water in a wide-mouth flask, provided 
with a stopper, and the usual wash bottle tubes. When the butter 
has melted the contents are agitated, allowed to separate and the 
aqueous layer is removed to a dish by blowing air into the flask. 
The extraction is repeated several times or until the extract gives 
no reaction with turmeric paper. The aqueous extract is then made 
alkaline, evaporated to dryness, the residue ignited and treated as 
described for the residue obtained from the other food stuffs. 


22. DETERMINATION OF PHOSPHORIC ACID. 


Volumetric solution employed: N alkali or ¥ NaOH, free 
from CO,,. 

Indicators: Methyl orange or phenolphthalein. 

Titrate a suitable quantity of the sample, diluted with water to 
measure 20 Cc., with the standard alkali V.S. and methyl orange, 
adding sufficient of pure NaCl to saturate the titrated liquid. With 
methyl orange the acid is monobasic and the reaction is completed 


when one third of its hydrogen is replaced by a base as represented 
in the equation: 


H,PO, + NaOH = NaH,PO,.+° H,0. 


~ 98.03 40.01 
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With M.O. 40.01 Gm. of NaOH correspond to 98.03 Gm. of 
H,PO,, so that the factor for N-V.S. is based on: 


98.03 corresponds to 40.01 0.09803 Gm. Phosphoric acid. 
1000 1000 


1 Cc. N alkali=0.09803 Gm. Phosphoric acid. 
1 Ce. N alkali=o.049015 Gm. Phosphoric acid. 


2 


Titrate in like manner, another portion of the sample with % 


NaOH, free from CO,, adding NaCl and phenolphthalein. The 
end-reaction takes place when two thirds of the hydrogen of 
the acid are replaced by a base, according to the following rep- 
resentation: 


H,PO, + 2NaOH = Na,HPO, + 2H,0O. 
98.03 2 X 40.01 


With phenolphthalein 40.06 Gm. of NaOH correspond to 49.015 
Gm of HPO. 7 The tactor for N-V.S.-is 


49.015 =0.049015 Gm. of Phosphoric acid. 
T000 


1 Ce. N alkalio.049015 Gm. of Phosphoric acid. 


1 Ce. 8 alkali=0.0245075 Gm. of Phosphoric acid. 


The same portion of the sample may be titrated with both indi- 
cators if,after the red of M.O. is just changed to yellow by the volu- 
metric alkali, phenolphthalein is added and the titration continued 
until bright red color is produced. The volume of the alkali V.S. 
used with each indicator corresponds to one third of the acid present, 
the sum of these volumes corresponding to two thirds of it. The 
factors used for separate titrations of phosphoric acid, with the 
two indicators, are also used in this case, the total volume of the 
standard alkali consumed being regarded as being used with phenol- 
phthalein. On account of the action of CO, on phenolphthalein 
the ¥ NaOH, free from CO, V.S., should be used when both indi- 
cators are employed and any CO,, in the titrated liquid, removed 
by boiling. 

Observations.—Sodium chloride is added to decrease ionization of 
the acid salts produced in the reaction. In place of it neutral 
CaCl, solution has been recommended. The acid salts formed in 
the reaction of phosphoric acid and an alkali, hydrolyze, forming 
ions which make the end-reaction indefinite, and results uncertain. 
Good results are said to be obtained by titration in the presence of 
iodeosin with which the acid is monobasic. If the acid be titrated, 
in the presence of M.O. or p-nitrophenol, with X or X Ba(OH), 
V.S., a sharp end-reaction is obtained. For this titration the sample 
should be diluted to about ® strength. 

By residual titration, phosphoric acid may be determined by titra- 
ting the precipitate of NH,MgPO,, or the filtrate from it. If the 


7 
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filtrate is to be titrated, magnesia mixture! of recently determined 
alkalinity (by titration with standard acid) is added and the precipi- 
tation carried out in a closed flask or bottle. After thorough shak- 
ing the mixture is filtered and aliquots of the filtrate titrated with 
N H,SO, V.S. and methyl orange. 

The NH,MgPO,, washed free from NH,OH, may be treated 
with an excess of N sulphuric acid V.S. and the acid in excess 
titrated with standard alkali V.S. 


23. DETERMINATION OF H,PO, AND THE SOLUBLE PHOSPHATES. 
(Method of Raschig.) 


Volumetric solution employed: N HCl or H,SO,. 

Indicator: Methyl orange. 

A suitable quantity of the sample, containing not more than 0.15 
Gm. of P,O, is carefully weighed, dissolved in a very small volume 
of water, the solution made weakly alkaline with NH,OH and mag- 
iesia mixture' added in excess. After shaking well during one 
half hour, the precipitate is filtered off through a 4-Cm. filter paper, 
the filtrate being used to bring the rest of the precipitate on the 
filter paper, and the precipitate drained by suction. The precipi- 
tate is washed first with 10 Cc., then with 5 Cc. of cold water, 
transferred with the filter paper to a beaker, 20 Cc. of water added, 
two drops of methyl orange introduced and the mixture titrated 
with §, acid V.S. while it is being well mixed. One drop of the 
V.S., finally added, should produce a distinct pink color. From the 
acid consumed the percentage of phosphoric acid in the sample is 
calculated. The reaction involved is represented: 


NH,MgPO, + “Hl == “MoCl? sa NH EERO 
137-37 2 X 36.47 


1 Lt. of NX HCl contains 3.647 Gm., and corresponds to 6.8685 
Gm. NH,MgPO,,. 

1 Cc. of the V.S. is the equivalent of 0.0068685 Gm. NH,MgPO,. 

Che tactot with S acid is for -P{O; = 0.00355 ‘Gnt.o1gk OF 

Phosphoric acid may also be detefmined by iodometric titration 
(method of Christensen). The acid liberates from KI with KBrO, 
an equivalent quantity of iodine which is titrated with standard 
thiosulphate V.S. See iodometric methods, Chapter III. 

Phosphoric acid and phosphates are determined by titration with 
standard uranium acetate V.S. See Chapter IV. 


24. DETERMINATION OF HyprorLuoric ACID. 
Volumetric solutions: ¥ alkali free from CO, and ¥ H,SO,. 
Indicator: Phenolphthalein. 

Measure out the acid into a platinum dish by means of a pipette 
coated with wax (the capacity of the pipette is afterward ascer- 
tained), add an excess of the standard alkali, heat to boiling, drop 


* Magnesia mixture contains MgCl, NHiClo and NH.OH 10 per cent. 
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in the indicator and titrate the excess of the alkali with the standard 
aicial WS; 
Tr --? INaOH- == «Nak: .- ,H,0; 


20.01 40.01 


I Cc. of ¥ NaOH V-.S. is the equivalent of o.o10c05 Gm. of HF. 


25. DETERMINATION OF HypROFLUOSILICIC ACID. 


Volumetric solutions: N-KOH or Ba(OH),. 

Indicator: Phenolphthalein or lacmoid. 

Mix a suitable quantity of the sample with an equal volume of 
alcohol and, having added the indicator, titrate in usual manner. 


Ein e-  2KkOH == Kosi, -> -2H,0. 
144.32 2 <CsoOaT 


1Cc. or NKOH corresponds to 0.07216 Gms of. H,Sil’,. 

Observation.—Sodium hydroxide, forming a hydrolizable salt with 
hydrofluosilicic acid, can not be used for its titration. If, however, 
an excess of CaCl, be used, standard NaOH and methyl orange may 
be employed, the reaction in that case is: 


H,SiF, + 3CaCl, + 6NaOH = 3CaF, + 6NaCl + H,SiO, + 2H,0. 


26. DETERMINATION OF AMMONIATED Mercury. (NH,HgCl.) 


Volumetric solution: N HCl. 

Indicator: Methyl orange. 

Weigh ‘from 0.2 to 0.3 Gm. of the sample accurately, triturate 
with a small portion of water, repeat the trituration and transfer 
the fine particles in suspension to a glass-stoppered bottle, washing 
the mortar with water and using in all about 50 Cc... Add to the 
mixture in the bottle 2 to 3 Gm. of KI and shake contents well during 
10 minutes or until a clear solution results. To this add 2 drops 
of the indicator and titrate with the % HCl so that finally one drop 
of the V.S. is found to produce a pink color. Having checked 
the results of this by another titration, calculate the percentage 
of ammoniated mercury from the volume of the standard acid con- 
sumed. The equivalent of 1 Cc. of N HCl is 0.012574 Gm. and is 
obtained from the equations: 


2NH,HeCl + 4KI + 4H,O = Hgl, + 2KCl + 2KOH + 2NH,OH. 
2 X 251.49 
2KOH + 2NH,OH + 4HCl = 2KCl + 2NH,Cl + 2H,0O. 
4 X 36.47 


4 X 36.47 parts of HCl are consumed by the alkalies formed in 
reaction of 2 X 251.49 parts of ammoniated mercury. 

t Lt. of % HCl contains 3.647 Gm., and corresponds to 12.5745 
of NH,HgCl. 
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1 Lt. of the V.S. is the equivalent of 0.0125745 Gm. of NH,HgCl- 
1 Ce. of X acid ==0.0125745 Gm. of ammoniated mercury, or ex- 
pressed as mercury, 1 Cc. of X acid—=o.01 Gm. of mercury. 


II. Organic Acids. 
27, DETERMINATION OF THE STRONGER ORGANIC ACIDS. 


Acetic, oxalic, lactic, citric, tartaric, trichloracetic acids, and the 
acid salts of those forming them. 

Volumetric solutions employed: N alkali, free from CO,, or 
ba COEL) 5. 

Indicator: Phenolphthalein. 

Accurately weigh, for each titration, about 1 Gm. of the sample 
(if diluted solution, proportionally more), dissolve, dilute to measure 
50 Cc., and heat to boiling except in the case of acetic acid, for 
which see note below. Add to the solution 2 to 3 drops of the 
indicator and titrate with the standard V.S. which should be run 
in slowly in small portions. When the red color produced by 
the standard alkali begins to disappear only on mixing, reduce the 
flow to drops and add these carefully so that one drop of the V.S. 
is found to produce a reddish color, which another drop should 
intensify to a distinct and permanent pink. To check the result, 
carry out another titration in this manner and from the average of 
the closely agreeing results calculate the percentage of the pure 
acid in the sample. 

Illustration —Two 1 Gm. portions of oxalic acid required 29.35 
and 29.15 Cc. of § alkali respectively; to calculate percentage of 
the acid in sample. The factor for oxalic acid with N alkali V.S. 
is 0.031515 Gm. and is derived from the equation: 


FG, O, 2H, ee) 2 NaOH) ==" Na ©. amee) 


126.06 2 X 40.01 


t Lt. of ¥ NaOH contains 20.005 Gm., and corresponds to 31.515 
Grok G.O7 2110: 


1 Ce. of the V.S. is the equivalent of 0.031515 Gm.of H,C,0,-2H,0. 
Since 29.2 Ce. of ¥ alkali were used for 1 Gm. of the sample, 


29.2 X 0.031515 Gm.=0.920138 Gm. of oxalic acid, and by pro- 
portion: 


Lic OF920138 2.100%. 
9p 0920138 x. 100 
I 


=9g2.0-+ per cent. 


The sample is found to contain 92.0-+ per cent. of oxalic acid. 

Observation.—When the sample of an organic acid is free from 
CO, its solution need not be boiled, but the water used for solution 
and dilution must be free from CO,. From water, this gas is re- 
moved by boiling and passing a current of CO,-free air through it. 
Should the standard alkali V.S. contain carbonate, correct results can 
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be secured only by carrying out the titration in a boiling solution. 
This method of titration is illustrated in the standardization of -N 
alkali V.S. by potassium bitartrate or of oxalic acid with alkali V.S., 
q. v. Evidently, volatile acids can not be titrated in boiling solu- 
tions. When they contain CO, the gas may be removed by boiling 
under a return condenser or the titration is made residual, the 
excess of standard alkali being titrated in hot solution with standard 
acid, 
28. DETERMINATION OF OLEIC AcID. (C,,H3,O,.) 


Volumetric solutions required: N Na,CO, and N H,SO,. 

Indicator: Methyl orange. 

Weigh a suitable quantity of the sample (0.5 to 1.0 Gm.) into a 
titration flask, add the standard sodium carbonate V.S. in excess, 
measuring it carefully, and warm till evolution of CO, no longer 
takes place. Cool the liquid, dilute to 100 Cc., add pure NaCl to 
saturation, shake well and filter. Wash the precipitate with a satu- 
rated solution of NaCl until the washings cease to react with red . 
methyl orange paper and titrate the filtrate and washings, in presence 
of methyl orange, to the production of reddish color. From the 
volume of the X% Na,CO, V.S. consumed by the sample, calculate 
the percentage of oleic acid present. 

beCe, of =\ carbonate, Vis. corresponds to 0.028234' Gm: of 
oleic acid. 


29. DETERMINATION OF FORMALDEHYDE IN SOLUTION OF 
FORMALDEHYDE. 


Formaldehyde is oxidized to formic acid in presence of standard 
alkali, the alkali in excess is titrated. 

Volumetric solutions employed: N-NaQOH and ® acid. 

Indicator: Litmus solution. 

Neutralize 50 Cc. of a 3 per cent. solution of hydrogen peroxide 
with the N alkali V.S., using a drop of litmus solution. Accurately 
weigh 3 Cc. of the sample into a 120-Cc. erlenmeyer flask, add from 
a burette 50 Cc. of N alkali, cover the flask with a small funnel 
and at once pour in the peroxide solution in a slow stream. After 
having allowed the solution to stand 15 minutes, or until the evolu- 
tion of oxygen has ceased, wash the outer surface of the funnel 
with water so as to wash down at the same time any drops of liquid 
adhering to the inner surface of the flask, add the indicator and 
titrate the unconsumed alkali with the standard acid V.S. The 
end of the reaction is indicated by the change of the blue color to 
a distinct reddish tint brought about by a final drop of the V.S. To 
find the alkali consumed by the sample, divide the Cc. of W acid 
used by 2 and subtract the quotient from 50, the number of Cc. of 
N alkali added; difference = Cc. of N alkali consumed. Check the 
results of the titration by another or more titrations and calculate 
the percentage of HCOH in the sample. 

The factor for formaldehyde, with N alkali V.S. is 0.03002 Gm. 
and is found from the following equations: 
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HCOH + H,O, = HCOOH + ° 2H,0. 
30.02 
HCOOH + NaOH = NaCOOH + H,O. 
40.01 


t Lt. of N-NaOH contains 40.01 Gm., and corresponds to 30.02 
Gm. of HCOH. 

1 Ce. of the V.S. is the equivalent of 0.03002 Gm. of HCOH. 

Therefore, by rule on page 24, 


Ce. of alkali consumed X 0.03002 X 100 Bn EO. 
weight of sample 


Note.—Inaccuracies of this method, which is essentially that of the 
U.S.P., have been reported and a modification of the operation sug- 
gested by J. K. Haywood and B. H. Smith,t who recommend to 
proceed as follows: 

In a suitable flask are mixed 50 Cc. of N-NaOH and 50 Cc. of 
pure, neutral, 3 per cent. hydrogen peroxide. By means of a pipette, 
3 Cc. of the sample, specific gravity of which is carefully deter- 
mined, are introduced, the tip of pipette being held close to the 
surface of the liquid in the flask. A small funnel is set in the neck 
of the flask and the flask and contents heated on water-bath during 
5 minutes, mixing occasionally. Without heating, 30 minutes are 
required for complete oxidation. After the required time has 
elapsed the funnel and the neck of the flask are rinsed into the 
flask with water and the liquid cooled to room temperature. The 
unconsumed alkali is then titrated with standard acid V.S., litmus 
being used as indicator. 

Formic acid may be titrated by the residual method of titration 
but is usually determined by oxidation with standard permanganate. 
See Chapter III. 

Benzoic acid; no volumetric method available. 

Salicylic acid is determined mostly colorimetrically, see Chapter 
V, or by precipitation, see Chapter IV. 

Gallic and Tannic acids are determined with standard iodine or 
permanganate. 


30. SAPONIFICATION NUMBER OF FATS AND OILS. 
(Koettstorfer Number. ) 


The quantity of an alkali required to saponify, under given con- 
ditions, a definite quantity of an oil or fat was found to vary with 
the individual esters. When determined, this quantity is expressed 
as milligrams of KOH required to saponify 1 Gm. of the fat, and 
this expression constitutes the saponification number. 

Volumetric solutions required: ¥ alcoholic potassium hydroxide 
and % hydrochloric acid. 

Indicator: Phenolphthalein solution. 


*J. A. Chem. Soc., 1905, 27; p. 1138. 
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The purified fat is melted and, if necessary, filtered. Into a 
tared 200-Cc. flask 2 Cc. of the liquid fat are introduced and on 
cooling in a desiccator, accurately weighed. From a burette, 25 to 
30 Ce. of the ¥ alcoholic alkali V.S. are carefully run in, the flask 
connected with a return condenser and the contents boiled during 
one half hour, or until saponification is completed. After cooling, 
the unconsumed alkali is: titrated with the § HCl V.S., using 0.5 
Ce. of phenolphthalein solution as indicator. An exactly equal 
volume of the alcoholic KOH V-.S. is then titrated with the © HCl 
V.S. for the purpose of standardization. The volume of ® HCl 
consumed in titration of the unconsumed alkali in the saponifica- 
tion is then subtracted from the Cc. of the same V.S. used for 
titration of the alcoholic KOH by itself and the difference which 
represents the Cc. of § HCl V.S. corresponding to alkali consumed 
by the fat serves for calculation of the number. 

Since 1 (cx ot TICI VS. is the equivalent of 0.028055, Gmy or 
KOH, the calculation is made as follows: 


Cc. of ¥ acid corresp. to KOH consumed X 0.028055 X 1000 __ 


Wt. of fat taken KON. 


31. VOLATILE Fatty Acip NumBer. (Reichert-Meisel Number.) 


Butter and certain other fats contain esters of volatile fatty acids. 
When saponified and the soap decomposed with an acid, the volatile 
acids are distilled off and are determined by titration. The number 
of Ce. of alkali V.S. required to neutralize the volatile fatty acids 
from 5 Gm. of a fat constitute the Reichert-Meisel number of the 
particular fat. 

Saponification may be carried out by one of several methods; that 
of Leffmann and Beam only is here given. 

Reagents Required.—Glycerol-soda solution: 5 Gm. of pure 
NaOH dissolved in 5 Cc. of water and mixed with 90 Cc. of pure 
glycerin. 

Sulphuric acid: 20 Cc. of concentrated acid diluted with 100 Cc. 
of water. 

Volumetric solution employed: X barium hydroxide or 4, NaOH, 
free from COQ,. 

Indicator: Phenolphthalein solution. 

Weigh 5 Gm. of the fat into a flask, add 20 Cc. of the glycerol- 
soda solution, and heat over naked flame or on an asbestos plate, 
mixing, if foam is seen to rise, until complete saponification is indi- 
cated by the mixture becoming entirely clear. Add to the contents 
of the flask 135 Cc. of recently boiled distilled water, very slowly, 
and carefully, to prevent foaming, introduce 5 Cc. of the sulphuric 
acid, drop in few pieces of pumice stone and connect the flask with 
a condenser for distillation. In distillation, heating should be so 
regulated as to collect 110 Cc. (in a graduated cylinder) within 
30 minutes. The distillate is then mixed and filtered through a 
dry filter and 100 Cc. of the filtrate titrated with the X barium 
hydroxide and phenolphthalein. One drop of the V.S. should 
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produce, when finally added, a distinct red color lasting 2 to 3 
minutes. From the volume of the % V.S. consumed by 100 Cec. 
of the distillate the volume corresponding to 110 is found. This 
is then corrected for a blank titration and the final number of Cc. 
of the X, alkali consumed to neutralize the volatile fatty acids from 
5 Gm. of fat, constitute the Reichert-Meisel number of the fat 
treated. 

Saponification is also carried out by heating with alcohol under 
a return condenser or by heating with strong alkali without alcohol 
in a pressure flask during 1 hour. 


32. DETERMINATION oF AcipITy OF ALCOHOLIC LIQuIDs. 
(Whisky, Brandy, Rum.) 


(a) Into a titration flask 25 Cc. of the sample are measured, 
diluted with water to 50 or 100 Ce., to reduce intensity of the color, 
and the liquid titrated with X% Ba(OH), V.S., using phenolphthalein 
solution as indicator. From the volume of Ba(OH), V.S. con- 
sumed the total acidity, expressed as acetic acid, is calculated. 

(b) Volatile Acids.—25 Cc. of the sample are distilled to near 
dryness, 25 Cc. of water added to the residue and distillation, to 
near dryness, repeated. The distillate is diluted with distilled water 
to measure 100 Cc. and titrated in the presence of phenolphthalein, 
with X barium hydroxide V.S._ The acidity indicated by the volume 
of the V.S. consumed is calculated into acetic acid. 

(c) Fired Acids.—The percentage of these in the sample is calcu- 
fated from the difference in volumes of. \% Ba(OH), V.S. consumed 
in the two titrations and is expressed as tartaric acid. Factors 
on p. QI. 


33. ComMpouND ETHERs. 


Those present in alcoholic liquids are determined by residual 
titration through saponification and the results expressed as ethyl- 
acetate. The sample (100 Cc.) is distilled into a flask, exactly 
neutralized with #} barium hydroxide V.S. and phenolphthalein. 
To the neutral liquid 25 Cc. of % NaOH (accurately measured) 
are added, and the contents boiled under return condenser during 
I hour. On cooling, the contents of the flask which should be 
red-colored, are titrated with §X hydrochloric acid V.S. From the 
volume of §, alkali V.S. consumed in decomposition of the esters 
the quantity of these present is calculated. One (1) Cc. of X 
NaOH V.S. corresponds to 0.00881 Gm. ethyl acetate. 

If, during saponification, the red color of the contents of the flask 
disappears, more (10 Cc.) of the X alkali V.S. must be added. 


EQUIVALENTS. 


TABLES OF EQUIVALENTS (factors) .* 


NORMAL ACID V.S. 
1. Bases. 


Moines, INNS syn acaSekeeaa es CeORO SOM ee ane ee 
PATHIIMO MUTT NEL aey, Sane ts Rite eee ee eter nie a 
PiMinonitmacanponatern (Niclas © ©: seinen a seenee ree 
Ammonium carbonate, U.S.P., NH,HCO,:-NH,NH.CO,.... 
ASiManombtan Inyobromake, INIEHOMEL, secnqsaeenccadeaaes suse 
Isairiitan Cav norte, lseKEOkK .ocoGaauhanomosateneuoccaccas 
Berek loywtebrorstels, (Ol nes 6oocnabnnooceeuscueoasou: 
Galeigimmcarbonates Ca Onno aay cee Pee oe ae 
Galler InyGkropacls, (CAO nsobacccctascndueneosucnacr 
Calciumpoxi de Ea Ole tte seca eas eee 
La aukibanr Celene, IU OOnea, sooesaasbacoudesosaé con ouas 
Magnesium: canponates mic CO enact cto mite serrcere 
Magnesium carbonate, U.S.P., 4MgCO,;-Mg(OH),-5H,O... 
Miacanesncinn Gx, MIEOE. daunaooneoodaackooloeracopouer 
INGtsitoyer Sak. INGE Ais cy ee rae det arn Ru gp Ane rao eae aie Oat 
Rotassitimebicanbonatemicrl COs. 9. cess aoe teks ola de ne 
Rotassimmecanbonateukes © Osesanqaesaa. icon enineitee ar 
Botassitmainy.d rosxidenn Oiler ee eae ee ecieiaaeie 


Sodium carbonate, monohydrated, Na:COs::H.O......... 
Hoditime~carbonate manhiy.dnousm Naz© Ose ana eee 
Sodium carbonate, Na,COs- + 10H2O................... 
Soalitiay inachteraake, INRIOMG, goscogacnocnonoudooncsUodde 6 
Stee nertiinimcanponate wo © Osaeny.crrrae ccc ice caree sales 
SErOntliimmOxd Cemmor Osc en aee rnp ear eyaeraniem Goa she raiers sites 
ZANCEOXIG SWZ Oe e ee ere icectee uaa aie are ice arate ee eis 


2, Organic Salts of the Alkalies. 


ibavahukae Saronic, JEKC BIO: dooonsancoanaoducognnbocsne 
Ibpeuteion lyalinvechas, IAN CAnIAG les Gh aconc anon cuoenadswaads 
Wipniitmecitrate. bis @cbde Or A blo @) wary -cararerneterrem isis anere 
ithitimeasalieyl atesyle1G7ilc@Osana cee. ses ncie ote ocean ayo ote 
Rotassiiten secre, INCARIWNOS) sAnocuscdoocbe.cabeouOhoooor 
Potassium benzoate, KC;HsO2-— 3H20................-. 
Potassium’) benzoate, anhydrous, KC;H,O;.........-2- 0s. 
Potasstimaibitanitrate mbt Calls Ogramersaicte crises seater seers 
POtascitimeciitaten WG Calls @y ble Os srt letersi srctatsteral ers 
Rotassiume,lactatemn he Calcls Ose airtevse rte ive tet cecil cre ake 
Potassiimesalicylaten tc Grlls Oe rvetrsyelorierouc tele eselelhstasteats 
Potassium sodium tartrate, KNaC,HsOs + 4H2O......... 
Swochinian voce, INeiCaslOno= sHOl, .asoccuccgengcmcocns 
Soditimiubenzoaters Nariel @zememn mnie eric ric clnteioiienelere 
Sodium bitartrate, NaHC.H.O.+ H2O.................. 
Soabinm. civeine, INat{CAlBlO}. co acoae do coe conneuganonsHode 
Soyahistmn levee, INGICAEIK Oho conan seco vosboeon Seb doon sour 
So@cbisinn saibreyvlens, INACABEO ms conn cencccocuGdscxgorooone 
Svovelivint ravine, INewC JEL Oh = AshO)soscooudnso0cspponos 


.. 0.098685 Gm. 
Te OOS57 ee Gin 
.. 0.05005 Gm. 


.. 0.04216 Gm. 


.. 011205 Gm. 
.. 0.16005 Gm. 


oe 
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Equivalents of x c.c. 
of = Acid V.S. 


.. 0.01704 Gm. 


0.01805 Gm. 
0.04805. Gm. 


0.03506 Gm. 


0.0370 Gm. 


LOnLOO lle Grims 
.. 0.06910 Gm. 
0.05611 Gm. 
0.08401 Gm 
0.06201 Gm 
0.05300 Gm 


.. 0.12805 Gm. 
.. 0.15605 Gm. 


0.14405 Gm 
0.09813 Gm 
0.21421 Gm 
0.16015 Gm 
0.18815 Gm 
.. 0.108123 Gm 
0.12815 Gm 


.. 0.14405 Gm. 


0.11504 Gm. 


* See under “Factors,” pp. 24-25, and “ Observations,” p. 55. 


gO DETERMINATIONS BY NEUTRALIZATION. 
TENTH-NORMAL ACID V.S. 
3. Alkaloids. 
Haus | DA 
OI I c.c, 5 
Drug. Alkaloid. Formula. MWe A aaieerere ty et Usually 
° Present, 
Woosh 
Aconite Aconitine ICH, NOW 645.48 0.06455) 0.5 0.2 — 0.8 
Belladonna Atropine Cris NO: 289.24/0,02892| 0.3 (leaf) j0.3 - 0.4 
( Hyoscyamine ) —0.45 (root) |0.3 - 1.0 
( Hyoscine ) (combined mydriatic) 
Cinchona Quinine C,)H,,N,0,+3H,O| 378.32|0.037383] 5.0 total 4.0 -12,0 
(Quinidine ) Anhydrous —324.26|0.03243| 4.0 Eth. Sol. 
Cinchonine Cro etee NL O 294.24 0.02942 
(Cinchonidine) 
Cinchona rubra ce ce GG Gs 5.0 total 4.0 —10.0 
Coca Cocaine C,,H,,NO, 303.22/0.03032| 0.5 ‘ 0.4 - 0.8 
(Ecgonine), etc. 
Colchicum Colchicine ey EEENO; 399.26 0.03993} 0.35 (corm) |0.3 — 0.5 
—0.45 (seed) |0.4 — 0.6 
Conium Coniine (Liq.) |C,H,,N 127.18/0,01272| 0.5 OG = ks 
Gelsemium Gelsemine Ga tleaINE Os, 366.28|0,03663 — 0.2 — 0.5 
(Gelseminine ) 
Hydrastis Hydrastine Cy HNO; 383.22)/0,03832] 2.5 DO = 26 
Berberine Coo NO; 335.28|0.03353 = oO — 4.0 
Hyoscyamus Hyoscyamine CHINO; 289.24|0,02892| 0.08 Mydr. |0.05-0.15 
(Hyoscine), ete. 
Ipecac Emetine CHa NO; 247.22 0,02472| 1.75 total 1.3 -— 2.5 
Cephaeline \C),HigNO, 233.2010,02332 - 0.4 — 0.5 
Nux Vomica Strychnine Kes Ban Oy 334.24'0.03342| 1.25 0.7 — 1.5 
Brucine C,,H,,N,0,+4H.O| 466.36)0.04664 — 0.8 — 1.7 
Opium Morphine C,,H,yNO;+4H,O | 303.22/0.03032| 9.0 1,0 —25.0 
“* anhydrous 285.20|0,02852 
powdered 
Opium [fears Morphine <6 aC O 12.0 to 12.5 &e 
granulated 
Physostigma Physostigmine |C,,H,,N,O, 275.24 0.02752] 0.15 0.1 — 0.2 
Pilocarpus Pilocarpine CilehaiNRnoy 208,18|0,02082| 0.5 0.5 - 1.0 
Scoparius Sparteine (Liq. ) |C,,H,,.N, 234.28/0.01171 — 0,03 
Scopola Scopolamine Ci Hay NO; 303.22'0,03032| 0.5 Mydr. A.!o0.5 — 1.0 
( Atropine) 
( Hyoscyamine) (combined mydriatic) see above 
Stramonium Daturine Cr NOs 289.24|0.02892| 0.35 Mydr.A.|o.2 - 0.4 
(Atropine) 
(Hyoscyamine) ‘see above 


EQUIVALENTS. 9 I 
NORMAL ALKALI V.S, 
4. Acids. 

Equivalent ot x Cc. 

of — Alkali V.S. 
TNS ME OSL O)sae raster Abr onl a caste hn pares Pay oa td eee ot 0.06004 Gm. 
Ammoniated MSCobiay, INGE la keaGl ers Sanda daeane + ooapeene 0.0125745 Gm. 
Worse t EIR O Mata ts wo ia ceed ne Wk Ore RE eee 0.06203. Gm. 
Garbouic 7: Can ydride tC Ovareas x Chae cei ae ot eee 0.02200 Gm. 
Citic EE Gr le © p= =a Eis Oe ane tea er epee ene ea hl Oe 0.070033 Gm. 
Hogniceactdiys rl CO OM cy ten ate iri Seay eee errr 0.04602 Gm. 
LET aliae (oa Tetes dle flags: yee Gre ee coe re MORI re Me Par PO) AE eereeeaas te di 0.12793 Gm. 
UV CO DOM CaP hence eeee er ner iain esham na teat ome ieee 0.08093. Gm. 
Elvdrochilontcse bh Clivmerye yer ee ce eee ae ee ree 0.03647. Gm. 
Ely Ciro llitOnicamllth ep aee Wy oN ame Nc Se er aM 8 ec 0.02001 Gm. 
LEhwakceniGosibicne, IBBSIMRis. cooncoogodnccounposuaeanuoosone 0.07216 Gm. 
inkyiqeMNOS oO Moros, IRVEEMOR. .cadcoososob vécudus.de ao bene€ 0.06603 Gm. 
TSC tC ome lial Ga belie @ se peers are wean rene Ae ee Pe ric eens 0.09006 Gm. 
ING Gi CARIN, © eye arte ee ee rt Le Ree ei 0.06302. Gm. 
Oleic, HO i leA Ore ocrepiea tarcneg cOeicin roh Ae Oo eas Roe 0.28234 Gm. 
@Oxalicmsl €. O72 Hb O Ries eye i er ce ee eee 0.06303. Gm. 
Phosphoric lO .— phenolphthaleinmeserm eee 0.049015 Gm. 
RROSpaoric wl. Olan yMOLanee eer ene ceri ear 0.09803. Gm. 
Rotassituimmaichromates WoC, Oz ewe pert tonic relator 0.1472 Gm. 
IPouasencis toner, INMBICIBHO. ococccgooouanbo0cnacnec 0.18815 Gm. 
S alplitimicy MEIsS Ours s aneeiranre tote scctepseccrtede ie “bites 0.049045 Gm. 
Sia /NeRROLEGS, sb On aanconen cre cdomoudano naa soa monn oni es 0.041045 Gm. 
ilcaistcl tal Goad a oa ede) aspires sects ecvarel te acne keer erets eel etay palere) ereaeeaers 0.07503. Gm. 
Aeiaiorercoue, (CCHECOWIE oo snisacededuendoconosaodebend 0.16339 Gm. 
orsival cle lny.clenpldl (© © Velieryarerster faistelers tei sletehaertietanetsTomasieiatee 0.03002 Gm. 
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DETERMINATIONS BY OXIDATION AND REDUCTION. 


’ bd 


General Principles.—If the terms “oxidation” and “ reduction’ 
are understood to mean changes in valence of certain elements pres- 
ent in the compounds which undergo these changes, then when the 
valence of an element is increased oxidation takes place while the 
reverse change, involving the decrease in valence, is known as reduc- 
tion. This change in valence which is said to depend on the number 
of positive or negative charges of electricity an element carries, can 
be brought about only by the corresponding reverse change in val- 
ence of another element; both oxidation and reduction changes 
taking place simultaneously. In order to distinguish between oxi- 
dation and reduction in analysis, the meaning of these terms refers 
to changes of valence which only the elements in the substances 
determined undergo. 

The reagents which are capable of changing valence from a lower 
to a higher value are called oxidizing agents; reducing agents being 
those reagents which change valence from a higher to a lower value. 
Since the oxidizing or reducing power of these reagents can be 
measured, it is evident that reducible and oxidizable substances may 
be determined volumetrically, if these reagents are employed in 
standard solutions. As in other titrations, standard V.S. of the 
reagents are added to a weighed quantity of the sample in portions 
until the end-reaction shows that the titration is completed. From 
the volume of the standard V.S. consumed the percentage of the 
particular substance determined is then readily calculated. Most 
of these reactions are oxidation reactions. Oxidation changes are 
brought about by two kinds of reagents, viz.: the direct and the 
indirect oxidizing agents. 

The Reactions.—When a reagent, employed in a standard solu- 
tion, itself furnishes the active oxygen by which change in valence 
is produced, direct oxidation takes place. In the equation: 


1. 2FeSO, + H,O, + H,SO,= Fe,(SO,), + 2H,O 


is represented the direct oxidation of two molecules of ferrous sul- 
phate by one molecule of hydrogen peroxide, the valence of Fe 
being changed in the process. The value of a direct oxidizing agent 
depends on the available oxygen it contains or rather on the work 
this oxygen can perform. This very important consideration must 
be kept clearly in mind when proper factors for calculations are 
to be derived from equations representing the various reactions. 
The above equation shows that 2 Fe(ous) are changed to 2 Fe(ic) 
by one H,O, which contains one available oxygen. 
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The oxidation of sulphurous acid to sulphuric, by iodine, is repre- 
sented in another equation: 


2. HeSOlee i et OS4 1h 5O,-- 24. 


Two atoms of iodine oxidize one molecule of sulphurous acid to 
sulphuric. The oxidation is indirect, the iodine itself not com- 
bining with the sulphur of sulphurous acid whose valence is increased 
in the process, but acting on a molecule of water the oxygen of 
which thus becomes available. The iodine forms HI and the sul- 
phur is changed from 4-valent to 6-valent. The value of the indi- 
rect oxidizing agents depends on the quantity of oxygen which is 
made available by them. 

End-Reactions.—Some V.S. used in these titrations being colored 
and changing their color when reacting, no indicator is required 
in titrations performed with them. When an indicator is used 
in solution it reacts with a minute excess of one of the reacting 
substances as in the neutralization reactions. Should an indicator 
be found to react with both these substances, e. g., the substance 
to be determined and the reagent in V.S., it could not be employed 
in the titrated liquid. In that case the end-reaction is made to take 
place outside the titration vessel, the drop method being resorted to. 
When, in a titration, the end-reaction depends on a distinct shade 
of color it is of advantage to prepare and use permanent standard 
color tints and titrate to the point where the color of the end- 
reaction matches the particular color tint. If desired, a correction 
for the reagent required to produce a distinct tint may be estab- 
lished and applied. 

Volumetric Solutions.—Both normal and empirical V.S. are 
employed. The strength of the normal solutions is here based, as has 
been.stated, on the number and valence of the atoms of an active 
element in a molecule of the reagent. For each unit of valency of 
the active element an equivalent quantity of the reagent in gms., 
or a simple fraction thereof, is taken and dissolved to measure 1 Lt. 
By definition, one liter of a normal V.S. must contain of a reagent 
that quantity in grammes which is the equivalent of 8 Gm. of 
oxygen and, therefore, corresponds to the unit of valence of its 
active element. In the neutralization reactions this quantity is 
determined by the number of replaceable hydrogens (H) or hy- 
droxyls (OH); in the oxidation and reduction reactions, this value 
depends on the units of the elemental valence affected in the reac- 
tion and is measured by the oxygen furnished or consumed. Thus 
1000 Cc. of N-V.S. of any reagent used in oxidation or reduction 
methods would have to give up or consume in reactions, 8 Gm. of 
oxygen. Of iodine the N-V.S. would have to contain, in tooo Ce., 
that quantity of this element which corresponds to 8 Gm. of oxygen. 
From the equation representing the reaction of iodine and _ sul- 
phurous acid this quantity is found to be 126.97 Gm., seeing that 
2I(2 > 126.97) make available 16 Gm. of oxygen. 

A standard V.S. here may have more than one value as is well 
illustrated in the case of XN potassium dichromate V.S., g. v. The 
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value of such solution is based entirely on the function of the rea- 
gent it contains when used in any particular reaction. 


INDICATORS. 


In these processes the indicators employed are not numerous and 
are dispensed with wherever possible. Among those that are 
used are: 

Starch Solution.—To prepare a small quantity of this solution, 
0.5 Gm. of powdered starch is rubbed with a little cold water 
to form a thin paste and this is then poured into 100 Cc. of boiling 
water. The mixture is gently boiled during 2 minutes and after 
cooling to room temperature the solution is filtered for use. Ex- 
posed to air, starch solution is decomposed more or less rapidly. 
To keep it, the solution must be sterilized and kept in preferably 
small, well-stoppered bottles, one holding 30 to 50 Cc. Unless thus 
kept the solution should be made fresh when wanted. Commercial 
“soluble starch,” dissolved in cold water, gives a good solution for 
this purpose. The value of starch solution as indicator in iodo- 
metric determinations depends on the production with iodine of a 
blue-colored compound. With very small quantities of iodine a 
pink color is produced. The blue compound is a weak combination 
and is readily decomposed by all reagents which react with iodine, 
the blue color being discharged in the reaction. For the end-point 
the production of the blue color is more rapid and easier of detec- 
tion than the discharge of it; titrations should therefore be carried 
out in that order whenever possible. Starch solution is sensitive 
only when it acts in the presence of a soluble iodide and in the cold. 

As an indicator for iodine, several of the volatile solvents which 
dissolve this element with the characteristic violet color are admi- 
rably suited, and are being now more extensively employed. Of 
these benzene has especially been commended. Titration with 
benzene as indicator must be made in well-stoppered glass vessels 
with glass or paraffined cork stoppers to allow thorough mixing 
(which is absolutely necessary), without loss. See standardization 
of sodium thiosulphate by permanganate. 

Silver Nitrate Solution.—The reagent solution (5 per cent.) is 
suitable for this purpose. 

Potassium Ferricyanide.—The pure salt, free from ferrocyanide, 
is dissolved in 10 parts of distilled water when required. 


VOLUMETRIC SOLUTIONS. 
PREPARATION AND STANDARDIZATION. 


Preparation of Pure Potassium Dichromate (K,Cr,O,).—Pre- 
pare a saturated solution of the crystalline salt in boiling distilled 
water, filter the solution while hot and stir the cooling filtrate rapidly. 
Decant the cold mother liquor, wash the crystals by decantation 
with small portions of cold water, redissolve them in sufficient 
volume of hot water to make a saturated solution and cool this, 
stirring rapidly. Repeat the crystallization until the salt is suffi- 
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ciently pure to be used as a source of standard volumetric solu- 
tions. The number of recrystallizations to be made will depend 
entirely on the purity of the sample used. Before drying, the fine 
crystals should be tested for calcium, sulphates and chlorides employ- 
ing for each test 0.5 Gm. of the dichromate dissolved in 10 Cc. of 
water. In the absence of these impurities, transfer the crystals to 
a smooth plain filter, wash with small portions of cold water to 
remove the adhering solution, allow to drain and dry, protected 
from dust. When thus dried, powder the crystals in a clean porce- 
lain mortar and complete the drying, away from dust, at 120° C.,, 
to constant weight. Keep the product in a well-stoppered bottle. 

Preparation of Pure Arsenic Trioxide (As,O,).—Arsenous 
acid free from sulphide is sublimed directly. When the acid con- 
tains sulphide it should be crystallized from HCl solutions to remove 
it. Dissolve a suitable quantity (about 10 Gm.) of the sample in 
just enough hot diluted HCl 1-2, filter the solution while hot and 
cool the filtrate to crystallize the As,O,. Wash the crystals several 
times with cold, distilled water and dry them in an evaporating dish 
on water-bath. Sublime the acid by heating the dish on a sand- 
bath covered with a suitable vessel for deposition of the crystals 
and ailow the sublimate to remain in a desiccator with CaCl, during 
twelve hours. Transfer to a clean bottle for storing. 

Preparation of Ammonium Triiodate ((NH,)H,(1O,),).—Dis- 
solve 100 Gm. of pure iodic acid (HIO,) in 200 Ce. of hot water, 
filter, add 10 Gm. of pure NH,Cl or 3 Gm. of NH, as ammonium 
hydroxide and let stand 24 hours. Drain the crystals and recrys- 
tallize from a solution in 4 times the quantity of hot water by cool- 
ing the hot solution. Dry the crystals at 100° C€. to constant weight. 


CN ea (Om en “areiciy = TORIC! 
544.83 


=) 0l> ee IS KCl NH,Cl se soll ©: 
9 X 253.84 


One molecule gives, with excess of KI, 9 of iodine, therefore 
2.027, Gm: per liter of (NS V.S.are-reqmired. It acts as: anvacid; 
neutralizing alkalies, and can be employed for their standardiza- 
tion. Luteol is the best indicator. The titration of an alkali may 
be performed residually, an excess of the triiodate being added, and 
the excess titrated with X thiosulphate V.S. in presence of KI. 


TENTH-NORMAL PoTrassIUM PERMANGANATE YV.S. 
rooo Cc. contain 3.1606 Gm. of K.Mn.O:. 


Prepare a stronger than tenth-normal solution by dissolving 3.3 
Gm. of the crystalline salt in 1 Lt. of distilled water. Set the 
solution aside for 7 to 14 days, or, boil it at once during 5 to 10 
minutes and then set aside for 24 hours in which time the suspended 
impurities will deposit. For immediate use, the boiled solution can 
be filtered through previously ignited asbestos, otherwise the solu- 
tion, after standing during the specified length of time, is decanted 
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or syphoned for standardization. The water used for dilution of 
this solution to N strength should be distilled from permanganate. 
For 1 Lt. of water 1 Gm. of permanganate should be used. In 
place of water, distilled from permanganate, it is better to employ 
for dilution another solution of the reagent weaker than XN which 
should be prepared in the same manner given for the stronger solu- 
tion. The weaker solution is then standardized by the same method 
used for the stronger V.S. and the two are mixed in the proper 
proportions to produce the XX V.S. 

Standardization with XN Oxalic Acid V.S.—Measure from a 
burette or by means of a pipette exactly 25 Cc. of the X, oxalic acid 
V.S. (see Chapter I1) into a titration flask, add to it 5 Cc. of pure 
diluted sulphuric acid 1-2, then enough warm distilled water to 
measure 100 Cc. and titrate the liquid with the stronger perman- 
ganate solution. Add the solution from an all-glass burette in 
small portions, mixing contents well especially if the initial reaction 
is slow and the reddish color which is produced, persists. As soon 
as the reaction is well started the permanganate added is rapidly 
decolorized until the end of the reaction is approached. When the 
pink color of the titrated liquid produced by small portions of the 
V.S. begins to disappear less rapidly, reduce the flow of the V.S. 
to drops and continue to add it slowly, drop by drop, until a perma- 
nent pink color is imparted to the titrated liquid by one drop of 
the V.S. The pink color should last at least 30 seconds. The 
average of the volumes of permanganate consumed, in at least two 
closely agreeing titrations, is then found and the volume of water 
or of a weaker solution required for dilution is calculated. 

The reaction of permanganate with oxalic acid is represented: 


KM One Ss 5H. C.O 2k Es 2 SO; 
~ 316.00 5 X 126.06 
= K,SO, -- 2MnSO,- = 10CO, = 10H,0: 


One molecule of potassium permanganate (316.06) furnishes 5 
atoms of active oxygen (5 X 16) which decompose 5 molecules of 
the oxalic acid (5 X 126.06). Now, one molecule of the acid was 
found to react with 2 molecules of NaOH (see p. 53). The 5 
molecules of oxalic acid decomposed by one of the permanganate 
will then react with 10 NaOH, therefore, one molecule of perman- 
ganate corresponds to 10 molecules of NaOH or 75 of it corre- 
sponds to 1 NaOH. Further, since one molecule of permanganate 
gives up 5 active oxygens, its equivalent of 8 Gm. of oxygen is 
7p of the quantity represented by its molecular weight in grammes, 
or 31.606 Gm. This quantity would then have to be present in 1 
Lt. of its normal V.S. For the tenth-normal V.S. the quantity of 
the pure salt in rooo Cc. will, therefore, be 3.1606 Gm., or the 
equivalent of 0.8 Gm. of oxygen. 

Illustration—Three portions of NX oxalic acid, of 25 Cc. each, 
required 22.6, 22.4 and 22.5 Cc. of a stronger than X permanganate 
solution ; to dilute the solution to the tenth-normal strength. 
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Since an average of 22.5 Cc. of the stronger solution has been 
required for 25 Cc. of the X oxalic acid the 22.5 Cc. of permanga- 
nate must be diluted with 2.5 Cc. of water, both being measured 
at standard temperature. But if a weaker than X VS. of the 
reagent be also had of which, by titration, 28.2 Cc. are required to 
decompose 25 Cc. of X oxalic acid, then the weaker solution con- 
tains in 28.2 Cc., 3.2 Cc. of water in excess. If, then, one solution 
has an excess of 3.2 Cec. of water in 28.2 Cc. and the other needs 
2.5 Cc. of water for dilution of 22.5 Cc. of it, the proportion in 


which they are to be mixed is found: 


22.5 X 3.2—72.0 volumes of the stronger solution. 


28.2 X 2.5==70.5 volumes of the weaker solution. 


After proper dilution in either case a check titration with 40 to 
50 Ce. of N oxalic acid should be carried out and any necessary 
correction carefully made. 

Crystalline, pure sodium oxalate has of late been introduced 
(Soerensen) and found a valuable source of standard permanga- 
nate and also of the V.S. used for neutralization 
processes. 

Standardization with Metallic Iron,—Clean a 
piece of pure iron wire with emery paper, then with 
a clean cloth, wind it into a spiral and, cutting it 
into sections of about 0.1 to 0.2 Gm., weigh two 
or three of them very accurately. In a 100 Cc.- 
flask the stopper of which is provided with a “ Bun- 
sen valve,’ Fig. 30, boil 50 Cc. of 10 per cent. sul- 
phuric acid, drop in a small quantity (0.1 Gm.) of 
Na,CO, and as soon as the effervescence has nearly 
ceased introduce 0.1 to 0.2 Gm. of the wire and 
at once stopper the flask with the valve stopper. 
Place on water-bath and heat until the wire is all 
dissolved, then heat on wire gauze to boiling. Add ee ee 
to‘the hot solution 20 Cc. of Io per cent. sulphuric per witn “ Bun- 
acid and titrate at once with the stronger perman- sen Vatve.” 
ganate. In the titration, which is performed in the 
manner given in the method with oxalic acid, one final drop of 
the V.S. should produce a permanent pink color lasting 30 seconds. 
Repeat the operation with another or several portions of the wire 
for a close average. Then carry out a blank titration under like 
conditions in which as much of the dilute sulphuric acid and sodium 
carbonate should be used as in the determination. The volume of 
permanganate consumed in the blank is to be subtracted from that 
required for the iron solution. [rom the difference, which repre- 
sents the volume of V.S. consumed by the iron, calculate the volume 
of water required for dilution to % strength. The reactions involved 
in this standardization are represented: 

8 
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Ge 2 Ver 4-H SO, shesOn, Nialbee 
55-85 

b. toFeSO, -+- K,Mn,O, + 8H,SO, 
10 X 55.85 (Fe) 316.06 


ev veRe.(SO,), aK, SO, yen O pees 


It will be seen that 10 X 55.85 Gm. or 558.5 Gm. of Fe as ferrous 
salt require 316.06 Gm. of permanganate for oxidation to the 
ferric state. 

1 Lt. N permanganate contains 3.1606 Gm., and corresponds to 
5.585 Gm. of iron. In order to find the volume of water required 
for dilution it is necessary to calculate the volume of | permanga- 
nate a given quantity of pure iron would require for oxidation. 

Tllustration.—lf, for example, 0.16 Gm. of Fe wire were used 
in the standardization and required 25.8 Cc. of the stronger per- 
manganate solution, then the volume of permanganate this 
stronger solution would consume, or is equal to, is obtained: 


5:505:10007; 0,10: 4, 
___ 1000 X 0.16 


== 25,04 Gc., 
5.585 : 


which, if the Fe was found to be only 99.5 per cent. pure, will 
be28-57 Ce 

Therefore, each 25.8 Cc. of the stronger permanganate must be 
diluted to 28.5 Cc. at standard temperature and will require 2.7 
Cc. of water. 

Remarks.—The iron wire though it may be very pure contains 
some impurities. The exact proportion of the impurity of a larger 
quantity of the wire is usually established by gravimetric determina- 
tion and the correction found is then properly applied, whenever 
the wire is used for titration. The best piano wire is from 99.5 
to 99.9 per cent. pure. Electrolytic iron has been used in place of 
the wire with success, but the process of its preparation makes the 
method of standardization ill adapted to frequent needs. 

The “ Bunsen valve” is a simple device for protection of the fer- 
rous salt against oxidation. It allows the hydrogen, generated in the 
reaction and other gases, to leave the flask through the slit (c) in 
the rubber tube while the outside air pressing the rubber surfaces 
together can not enter. Sodium carbonate reacting with the acid 
gives off CO, which displaces the air above the acid and leaves the 
space filled with CO,. The use of the carbonate may be dispensed 
with by passing a current of CO, through the solution during the 
reaction of the acid and Fe. 

If it is to be used for determination of iron and its salts, the 
stronger solution of permanganate need not be diluted to X strength, 
the quantity of Fe represented by one (1) Cc. of it being found 
and used as the factor. The standard potassium permanganate 
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V.S. should be kept in clean, glass-stoppered bottles away from 
direct sunlight. Only all-glass burettes are to be used in titrations 
with it. Burettes or other vessels which contained permanganate, 
and are soiled by it, may be readily cleaned with a little oxalic acid 
or hydrogen peroxide solution, these reagents being removed by 
washing with water, subsequently. Though potassium permanga- 
nate is readily decomposed by reducing agents, especially organic 
matters, its solutions, when properly prepared and kept, retain their 
strength remarkably well, remaining unaltered often longer than 
a year. 

Standardization with \ Sodium Thiosulphate V.S.—Acidify 10 
Ce. of 10 per cent. solution of KI, free from iodate, with 10 Cc. 
of 10 per cent. of pure sulphuric acid, dilute the solution to 150 
or 200 Cc. and slowly run in, from a burette, 20 Cc. of the stronger 
permanganate solution in portions, mixing well between the suc- 
cessive additions. Titrate the liberated iodine with X thiosulphate 
V.S. so that one drop of the V.S. will just discharge the final yellow 
color of the titrated liquid. Having checked the results by repeated 
titrations, calculate the volume of water or of a weaker solution of 
permanganate required for dilution to tenth-normal strength. Each 
20 Cc. of the permanganate solution are to be diluted to exactly 
equal the volume of § thiosulphate consumed in titration of the 
iodine liberated. The two reactions are represented: 


K,Mn,O, + 10KI + 8H,SO, = rol + 2MnSO, + 6K,SO, + 8H,0O. 
tol + 10Na,S,O0,-5H,O = 10Nal + 5Na,S,0, + 5H,O. 


Note.—This method of standardization is not commonly employed. 
It is essentially the reverse of the standardization of sodium thio- 
sulphate V.S. with X potassium permanganate V.S. The titration 
may be made residual, starch solution being used as indicator. For 
this purpose standard iodine V.S. of exact strength is used in 
addition to the thiosulphate. The %, thiosulphate is added until the 
iodine liberated by permanganate is all combined and the excess of 
it is titrated with the standard iodine V.S., added until a blue color 
is produced by one drop of the V.S., starch being used as indicator. 


TENTH-NORMAL PoTaAssituM DICHROMATE V.S. 
tooo Cc. contain 4.9066 + Gm. of K.Cr.O.. 


Accurately weigh 4.9067 Gm. of the pure, dry potassium dichromate 
(see p. 94) into a carefully calibrated 1-Lt. flask, dissolve in distilled 
water and dilute the solution to measure, at standard temperature, 
exactly 1000 Ce. The volumetric solution thus prepared needs no 
further standardization. Should the purity of the reagent be ques- 
tioned, the solution may be standardized by titration with XN NaOH 
V.S., using phenolphthalein. It should be noted that X dichromate 
V.S. used as an oxidizing agent differs from X dichromate when 
employed to neutralize bases. With the exception of the standard 
acid and alkali V. Solutions this NX dichromate equals all the other 
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tenth-normal V. Solutions. With N, alkalies this solution is only one 
third tenth-normal, 3 Cc. of it being required to neutralize 1 Cc. 
of N alkali V.S. This dual value of the 4} dichromate depends 
entirely on the function performed by the reagent in different reac- 
tions. This may be illustrated by the following equations: 


it K,Cr,0, + 2KOH = 2KkeCrOr 
204.4 

Py 1Gr,0;,- 4° GFeSO> >) SH2S0, 
204.4 


me Fe (SOc ek SO; baler (sOn) pene oO 


Reacting with bases, one (1) molecule of the dichromate is 
dibasic and, therefore, equals 2 units of valence, or acts as a 
dibasic acid. 

With oxidizable substances (eq. 2) one molecule furnishes 3 
atoms of active oxygen which are equal to 6 units of valence. In 
any normal solution, the quantity of the reagent in 1000 Cc. corre- 
sponds to one unit of valence of the active element in its molecule. 
Since this X V.S. of dichromate is employed as an oxidizing agent 
the quantity of it which must be present in 1 Lt. of §§ solution will 
be derived from equation 2. Further, since 1000 Ce. of the N V.S. 
must contain, of the reagent, 0.1 of the equivalent of 8 Gm. of 


oxygen, and the equivalent of dichromate is 4 = 49.066 + Gm., 


1 Lt. of the X V.S. must, therefore, contain eee + or 4.9066 + Gm. 


of the pure salt. When this V.S. is used to neutralize bases it has 
the value of 8. Should it be desired to prepare a tenth-normal 
V.S. of the dichromate to be used in neutralization reactions, its 
strength would have to be based on the reaction represented in 


equation 1, and 1 Lt. of the solution would have to contain “28 
= 14.72 Gm. of the pure salt. The value of this solution, when 
used for oxidation, would be 3%. 

Note.—Used for standardization of sodium thiosulphate V.S. X& 
dichromate V.S. gives slightly high results due to the catalytic action 
of the chromium salts produced. 

A correction for this action has been devised by using a lower 
atomic weight of chromium. Except for especially accurate results, 
no correction is needed. 


TENTH-NORMAL Oxatic Acip V.S. 


1000 Cc. contain 6.303 Gm. of H.C.0,-2H.0. 


For preparation and standardization of this V.S. see neutraliza- 
tion methods, page 53. Standard oxalic acid readily deteriorates 
on keeping. To overcome or minimize this tendency, Riegler has 
proposed the addition of 50 Cc. of pure, concentrated sulphuric acid 
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to each liter of the X V.S. This addition is, of course, permissible 
only to oxalic acid used for oxidation processes and must be made 
before the stronger oxalic acid, prepared for standardization, is 
diluted to the X ‘strength. The advantageousness of this addition 
has been recently confirmed. 


TENTH-NORMAL SODIUM THIOSULPHATE V.S. 
1000 Cc. contain 24.824 Gm. of Na:S.0;-5H.O. 


Prepare a stronger than X solution by dissolving 30 Gm. of the 
crystalline salt which should be free from calcium, free alkalies, 
sulphates and chlorides, in 1000 Ce. of cold, recently boiled distilled 
water, and standardize the solution by titration and subsequent 
dilution. 

Standardization with “ Potassium Dichromate V.S.—In a 
4-liter flask dissolve 1 Gm. of KI, free from iodate, in a small 
volume of pure 10 per cent. sulphuric acid. From a ee run 
into. this solution 20 to 25 Cc., accurately measured, N potassium 
dichromate V.S. in a slow stream, mixing the contents well. When 
the V.S. has all been added, close the flask and let stand 5 to 10 
minutes, then dilute the liquid to about 250 Cc. with distilled water 
and titrate it with the stronger thiosulphate solution. Add the 
thiosulphate in small portions (0.5 Cc.), mixing well, until the 
yellow color, due to a small quantity of iodine is barely, yet dis- 
tinctly, recognizable in the titrated liquid which itself is of light 
green color. When this point has been reached, add 2 Cc. of starch 
solution and complete the titration by the addition of the V.S.,a drop 
at a time, mixing well after each addition, and increasing the time 
between them. The deep blue color of iodized starch should be 
finally changed to light green color of the chromium salt by one 
drop of the V.S. From an average of the results of several agree- 
ing titrations the volume of water required for dilution to # 
strength is calculated. 

Illustration. —If, for example, the average of three titrations, 
performed in the manner described, is found to be 23.4 Cc. of 
Ee pnt required to react with the iodine set free by 25 Cc. 
of N dichromate, then the addition of 1.6 Cc. of recently boiled, 
distilled water to every 23.4 Cc. must be made. The solution and 
water are to be both at standard temperature. The X sodium 
thiosulphate V.S. thus produced, should then be checked by titrating 
with it a larger volume of the X%, dichromate. The reactions involved 
are represented : 


6KI + K,Cr,0; + 7H,SO,=4K,SO, + Cr,(SO,), + 3p +7H,O. 
204.4 


31, + 6Na,S,0,-5H,0 = 3Na,S,0, + 6Nal. 


6 X 248.24 


One molecule of potassium dichromate (294.4) contains 3 active 
oxygens which liberate 6 atoms of iodine and these in turn react 
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with 6 molecules of sodium thiosulphate (6 X 248.24). One mole- 
cule of the thiosulphate therefore corresponds to one unit of valence. 
Since 4.9066 + Gm. is the quantity of potassium dichromate present 
in 1000 Ce. of its X V.S., and this quantity is the equivalent of 
0.8 Gm. of oxygen or of 12.692 Gm. of iodine, then the quantity of 
sodium thiosulphate which corresponds to this equivalent must, 
therefore, be 24.824 Gm. Standard sodium thiosulphate V.S. is 
used exclusively in titrations of iodine. The salt used for the Ve: 
should be very pure; it is readily purified by recrystallization and 
should then be dried at go° to 100° C. 

The standardized V.S. is to be kept in clean, glass-stoppered 
bottles. Though regarded very perishable, the solution, when pre- 
pared from pure materials, keeps well. Acids, even CO,, act upon 
it causing it to become weaker, hence the necessity to employ recently 
boiled, distilled water in its preparation. On long standing (6 
months or longer) the solution deteriorates and requires restandard- 
ization by titrations. The products of the reaction of iodine and 
the thiosulphate are an iodide and tetrathionate, both colorless in 
solution, so that in the absence of other color no indicator is re- 
quired in titrations, the color of iodine being visible in even very 
weak solutions. 

Observations—The end-point which lacks sharpness is recog- 
nized with some difficulty in a greenish-colored liquid; more so, 
because the change from blue to colorless is slow. This may be 
partly corrected by completing the titration with standard iodine 
V.S. which need not be X but whose exact relation with the stronger 
thiosulphate must be established. In this titration the stronger thio- 
sulphate is added in excess and the excess titrated with the standard 
iodine, using starch solution as indicator. One drop of the iodine 
V.S. should produce a distinct blue color. The volume of the 
stronger thiosulphate which corresponds to the volume of standard 
iodine V.S. consumed by the excess is to be deducted from the 
volume of thiosulphate added and the dilution is then made as in 
the direct titration. Direct titration is conveniently performed 
with a volatile solvent as indicator. 

End-point with Chloroform as Indicator.—Employ in the titra- 
tion a 200 to 250 Cc. glass-stoppered flask with a long, slender neck. 
Proceed as usual but, when the fodine is liberated, dilute the liquid 
to 100 Cc. with water, and run in the X thiosulphate V.S. until the 
iodine color almost disappears, add 5 Cc. of chloroform and mix 
well by shaking. Invert the closed flask so that the chloroform 
layer separates in the neck of the flask where its color is observed. 
Iodine imparts to chloroform a violet-red color. Complete the titra- 
tion by adding of the V.S., 1 to 2 drops at a time, shaking well 
after each addition, and observing the color of the chloroform layer. 
When finally one drop of the V.S. is found to have completely 
decolorized the chloroform, the titration is completed. 

Standardization with X Potassium Permanganate V.S.—Pro- 
ceed as given for standardization of potassium permanganate, with 
fy thiosulphate, employing preferably the residual method. Having 
subtracted the volume of the permanganate which corresponds to 
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the standard iodine required for excess of the thiosulphate, find 
the volume of water required for dilution to N strength. To 
check the strength of the NX solution another titration should be 
made in which 40 to 50 Cc. of the X permanganate are used. 

Standardization with X Ammonium Triiodate V.S.—Dissolve 
I Gm. of pure KI in 40 Cc. of water, add 1 Cc. of pure concentrated 
HCl, then 10 Cc. of © ammonium triiodate V.S., and titrate with 
the stronger sodium thiosulphate, using starch solution. The starch 
should be added when the iodine has been nearly all combined, 
which is indicated by a light yellow color. The dilution of the 
stronger thiosulphate is then readily made. 

Standardization with Potassium Diiodate (KH(IO,),).—Accu- 
rately weigh 0.1625 Gm. of the pure diiodate, dissolve in water, 
add an excess of KI (1 Gm.), then diluted HCl and, after a few 
minutes, titrate with the stronger thiosulphate so that the final yellow 
color of the solution is just discharged by one drop of the V.S. 


KH(IO,), + 1oKI + 11HCl = 12] + 11KCL 4+ 6H,O. 
380.95 12 X 126.92 


The reaction takes place independently of the excess of the acid 
or the dilution of the solution. The thiosulphate is then diluted 
so that the volume of it consumed in titration should measure, at 
standard temperature, exactly 50 Cc. By a trial titration another 
adjustment, if need be, is made. In place of the diiodate, potas- 
sium bromate may be used, the quantity of this compound, required 
for a titration, is found from the equation: 


KBrO, + 6KI + 3H,SO, = 61 + KBr + 3K,SO, + 3H,O. 
167.02 (0.0027837 Gm. is the equivalent of 1 Cc. XN thiosulphate.) 


Note.—This reaction has been made use of for the standardization 
of acids with X sodium thiosulphate. Acids reacting with an iodide 
and iodate, or bromate, in solution, liberate an equivalent quantity 
of iodine which is then found by titration with standard thiosul- 
phate V.S. In practice 5 to 50 Gm. of the acid, according to its 
approximate strength and relation to the nearest normal V.S. are 
accurately measured into a 100-Cc. bottle provided with a glass 
stopper, diluted to 50 Cc. with water, 15 Cc. of 3 per cent. KIO, 
of KBrO,, together with 2 Gm. KI are added and the contents 
allowed to stand 15 minutes. The iodine set free is then titrated 
with the standard thiosulphate V.S. 


6I + 6Na,S,O, = 6Nal 4+ 3Na,$,0,. 


Since one molecule of sodium thiosulphate corresponds to one 
replaceable hydrogen of an acid, the volume to which the titrated 
acid must be diluted is readily found. This method is, therefore, 
suitable for standardization of the stronger acids. 

Standardization with % Silver Nitrate V.S.—Silver nitrate and 
a thiosulphate produce silver sulphide which precipitates. 
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To a measured volume of the stronger thiosulphate an excess of 
N silver nitrate V.S. is added from a burette, the mixture boiled 
until the precipitate separates in flocculent form. The mixture is 
then made to measure a definite volume and, in aliquots of it, the 
silver nitrate in excess is titrated by Volhard’s method (see Chapter 
IV.). The thiosulphate is then diluted to a volume exactly equal 
to that of § AgNO, consumed by it. 


TENTH-NORMAL ARSENOUS Acip V.S. 
1000 Cc. contain 4.95 Gm. of As,O:. 


Weigh very accurately 4.95 Gm. of the sublimed arsenic trioxide, 
see p. 95, into a clean, carefully calibrated liter flask and dissolve 
it in a minimum of concentrated solution of sodium or potassium 
hydroxide. Prepare the alkali solution, free from iron, by dissolving 
10 Gm. of the purified hydroxide in 30 Cc. of distilled water, filter- 
ing the solution through pure asbestos. When the arsenic trioxide 
has all dissolved, add too Cc. of water and saturate the solution 
with CO,, or neutralize the excess of the alkali with pure dilute 
sulphuric acid, using phenolphthalein, and add a filtered solution 
of NaHCO,, 20 Gm. in 500 Cc. of distilled water. The solution, 
which should not give a pink color with phenolphthalein, is then 
diluted to exactly 1000 Cc. at standard temperature. The quantity 
of As,O, (4.95 Gm.) in 1 Lt. of the solution is found from an 
equation representing the reaction of the trioxide with oxidizing 
agents. With iodine, the reaction is represented: 


Re ee eye an SH Ou sane Ouse simmers 
198 4X 126.92 


In this reaction one molecule of As,O, consumes 2 atoms of 
oxygen made available by 4 atoms of iodine. The equivalent of 


8 Gm. of oxygen is, therefore, in or 49.5 Gm. of arsenic trioxide, 


and of 0.8 Gm. it is 4.95 Gm. The tenth-normal V.S. must, there- 
fore;, contain in 1000 "Cer 4.95. Gmor AS,O..7 ether V Secontains 
an alkali bicarbonate, the As,O, being present in it as an arsenite. 


TENTH-NORMAL I[opINE V.S. 
toco Cc. contain 12.692 Gm. of Iodine. 


Prepare a somewhat stronger than ® solution of sublimed iodine. 
To this end dissolve, in a liter flask, 20 Gm. of pure KI in a small 
volume of water, add to the solution 12.8 Gm. of sublimed iodine, 
close the flask and mix the contents by gentle shaking until the iodine 
is dissolved. Dilute the solution with distilled water to measure 
1000 Cc. Should the solution contain suspended impurities, these 
may be removed by filtration through asbestos. Adjust the strength 
of the solution to N by titration and the required dilution. 

Standardization with X Sodium Thiosulphate V.S.—Accurately 
measure into an erlenmeyer flask 25 Cc. of the iodine solution, and 
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carefully titrate with the XN thiosulphate V.S. Add the V.S. 
slowly, and in small portions, keeping the titrated liquid well agi- 
tated. When the brown color of the iodine solution has changed 
to light yellow, add of the V.S., drop at a time, mixing thoroughly, 
so that finally the yellow color is found discharged by one drop of 
the standard thiosulphate. To check the accuracy of the result 
carry out another or more titrations in the manner of the first and, 
from the average of the closely-agreeing results, calculate the vol- 
ume of water to be added to change the solution to tenth-normal 
strength. 

Illustration.—If, for example, 25 Cc. of a stronger than XX iodine 
solution required 26.8 Cc. of & thiosulphate V.S as an average of 
three titrations, then to reduce the solution to & strength, the 25 
Cc. of the solution must be diluted to 26.8 Cc., or will require 1.8 
Ce. of water for dilution. Therefore, for every 26.8 Cc. of the 
solution 1.6 Cc. of water, both being measured at standard tem- 
perature, must be added. 

Standardization with N Arsenous Acid V.S.—Measure exactly 
25 Cc. of the iodine solution into a titration flask and titrate with 
#, arsenous acid V.S. Run the standard solution in slowly, mixing 
well, until the brown color of the titrated liquid has changed to 
light yellow. At this point add 2 Cc. of starch solution and com- 
plete the titration by adding the V.S. in drop portions and at suc- 
cessively longer intervals of time. When the deep blue color of the 
solution is changed to pink, which is permanent on mixing, the 
titration is completed. Carry out check titration with an equal 
volume of the stronger iodine solution and, from the results, calcu- 
late the volume of water required for dilution to the X% strength. 

Observations.—In the titration with thiosulphate, iodine oxidizes 
the thiosulphate to tetrathionate as per equation: 


al + 2Na,S,0,-5H,O = 2NaIl + Na,S,O, + 5H,O. 
2X 126.97 2 X 248.24 

Two molecules of thiosulphate reacting with 2 iodine atoms, one 
iodine is found to correspond to one thiosulphate; then, since, I Lt. 
of X thiosulphate contains 24.824 Gm., it corresponds to 12.692 
Gm. iodine, 

t Ce. of X iodine will contain 0.012692 Gm. iodine. 

By definition, the equivalent of 0.8 Gm. of oxygen is 12.692 Gm. 
of iodine. 

With arsenous acid the reaction, in which arsenic acid is formed, 
is represented: 

4l 4 - JAS, ©.->-- = -2HO 22 As,O77 42 4Hl 
4X 126.92 198 

One molecule of arsenic trioxide requires 4 atoms of iodine for 
oxidation, and, since in 1 liter of N arsenous acid solution there 
are 4.95 Gm., this then corresponds to 12.692 Gm. of iodine. 

The reaction of iodine with arsenous acid is a reversible one, 
the reverse action being represented in the equation: 


ie Op 41 == 4s,0,,- 621,041. 


106 DETERMINATIONS BY OXIDATION AND REDUCTION, 


Were this reaction allowed to take place, titration of iodine with 
arsenous acid, or vice versa, would be impossible. The reverse 
reaction will not take place in the absence of HI. Neutralization 
of the acid with a base has the effect of removing the HI, the 
iodide thus formed not reacting with As,O,. But the base used 
can not be a soluble hydroxide or carbonate, for these compounds 
themselves react with iodine; as a neutralizing agent a bicarbonate 
or an acid phosphate alone is suitable, though borates have also 
been employed. 

Note.—Tenth-normal iodine V.S. may also be prepared by dis- 
solving 12.692 Gm. of pure iodine in a solution of potassium iodide 
and diluting the solution to measure, at standard temperature, 
exactly 1000 Cc. This, apparently the simplest method, gives an 
exact N V.S. only when an absolutely pure iodine is had. But, as 
the purification of the iodine for this purpose involves many difh- 
culties, with constant uncertainty as to the purity of the product, 
nothing is gained by such procedure. In view of these considera- 
tions it was deemed advisable not to dwell on the process. 

Volumetric solution of iodine may be also standardized by titra- 
tion with pure antimony and potassium tartrate. 


I. DETERMINATIONS BY DIRECT OXIDATION. 


A. Titrations with Standard Potassium Permanganate V.S. 
1. DETERMINATION OF HypROGEN DIOXIDE. 


Volumetric solution employed: 4, permanganate. 

Accurately weigh about 10 Gm. of the solution of sample, dilute 
with water to measure exactly 100 Cc., and employ 20 Cc. portions 
(2 Gm. sample) for individual titrations. To 20 Cc. of the diluted 
solution, in a titration flask, add 5 Cc. of 10 per cent. sulphuric 
acid and run in the N V.S. slowly, agitating the titrated liquid by 
rotation of the flask. When the permanganate color in the titrated 
solution begins to disappear slowly, add the V.S. in drop portions 
so that one drop will finally be found to impart, to the titrated liquid, 
a distinct pink color permanent I minute. Repeat the titration with 
several of the aliquots and, from the average of the results, calcu- 
late the percentage of H,O, in the sample. The factor for hydro- 
gen dioxide with §} V.S. is 0.001701 Gm., and is found from the 
equation: 


5H,O, + K,Mn,O, + 3H,SO, 
5 X 34.02 316.06 


=: K,SO, -+ 2MnSO, + 8H,O + <0,, 
ee 


One permanganate (316.06) reacts with five hydrogen dioxide 
(5 X 34.02). 

1 Lt. of 4} permanganate contains 3.1606 Gm., and corresponds 
to 5 X 0.3402 Gm. of H,O,. 
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1 Cc. of the V.S. is the equivalent of 0.001701 Gm. of H,O,,. 
To calculate the percentage, the rule on p. 24 gives: 


O,00r7 0! i COlot AVIS xX 100 
weight of sample 


== percentage of HO, 


Observations—The 10 oxygen atoms set free are furnished 
equally by the two reacting substances: 5 hydrogen peroxide mole- 
cules give 5 oxygens and one permanganate also 50. Sulphuric 
acid must be present to form manganese sulphate with oxides of 
manganese which would otherwise be precipitated and cause dis- 
coloration of the titrated liquid. 

In the presence of glycerin, ether, salicylic acid and of other 
organic substances which decompose permanganate without reacting 
with the peroxide, the H,O, should be determined iodometrically. 
For this purpose a suitable quantity of the sample is mixed with 
5 Cc. of 10 per cent. sulphuric acid, 1 Gm. of KI, free from iodate, 
is added and the mixture allowed to stand one half hour at 25° 
to 30° C. After dilution of the solution with an equal volume of 
water, the liberated iodine is titrated with standard thiosulphate V.S. 

1 Cc. of X& thiosulphate is the equivalent of o.oo1701 Gm. H,O,. 

Note.—To obtain readings of oxygen volumes, yielded by the 
solution of hydrogen dioxide, in Cc. of permanganate V.S. con- 
sumed, M. Ruliere proposed the use of an empirical V.S. of the 
permanganate, 1000 Cc. of which contain 5.65 Gm. of the pure 
salt. Since 5 atoms of oxygen correspond to one molecule of 
permanganate, and are also yielded by 5 molecules of hydrogen 
dioxide, then 5 X 34.02 Gm. or 170.1 Gm. of H,O, will yield 80 
Gm. of oxygen. One liter of oxygen, under normal conditions, 
weighs 1.43 Gm. and the quantity of permanganate which would 
liberate 1.43 Gm. of oxygen from hydrogen dioxide is 


210,06, 1-437. 
86 == OSC, 
Using exactly one (1) Cc. of a sample of hydrogen dioxide and 
titrating it in the usual manner with permanganate containing 5.65 
Gm. of the salt in 1 Lt., each 1 Cc. of the V.S. consumed will indi- 
cate 1 Cc Of Oxygen. 
When persulphates are present (not more than 0.08 Gm.), the 
permanganate V.S. should be rapidly added in excess and the excess 
determined iodometrically. 


2. DETERMINATION OF SopIUM DIOXIDE. 


Volumetric solution employed: N permanganate. 

Weigh accurately from 0.1 to 0.2 Gm. of the sample contained 
in a small capsule made of the bottom part of a test tube and placed 
in a glass-stoppered weighing flask. Remove the capsule with metal- 
lic forceps and immerse at once in about 500 Cc. of distilled water, 
contained in a beaker, in such a manner that no Na,O, should reach 
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the surface. If, however, this should have happened, the opera- 
tion must be repeated. Acidify the solution with dilute sulphuric 
acid and titrate with the permanganate V.S. 

1 Cc. of the N potassium permanganate V.S. is the equivalent 
of 0.00390 Gm. Na,Q, . 


3. DETERMINATION OF OXALIC ACID. 


Volumetric solution employed: N permanganate. 

Dissolve 1 Gm. of the sample in water to measure 100 Cc. For 
each titration 10 Cc. are then accurately measured into the titra- 
tion flasks. Add to 10 Cc. of the solution 10 Cc. of 10 per cent. 
sulphuric acid and titrate with the §; permanganate. When one 
drop of the V.S. is found to have produced a distinct pink color, 
permanent I minute, the reaction is completed. From the results 
of several titrations calculate the percentage of H,C,O,-2H,O in the 
sample. The factor for oxalic acid with #§ V.S. is 0.006303 Gm., 
and is derived from the equation: 


SHC,0O,2H,0" -- K.Mn,0, =F 3H,S50, 
5 X 126.06 316.00 


= K,SO, + 2MnSO, + 10CO, + 10H,O. 


One molecule of permanganate (316.06) reacts with five of oxalic 
acid (5 X 126.06). 

1 Lt. of X permanganate contains 3.1606 Gm., and corresponds 
to 5 X 1.2600 Gm. oxalic acid. 

1 Ce. of the V.S. is the equivalent of =5 XX 0.0012606 = 0.006303 
Gm, © O7n2H. ©: 

Observations.—lf, in the beginning of the titration, the titrated 
liquid turns brown, the V.S. must be added more slowly and the 
titrated liquid be agitated vigorously. Should the brown color per- 
sist, more sulphuric acid may be required. The function of the 
sulphuric acid is to combine manganese oxides which would other- 
wise be precipitated. In the presence of HCl, provided the quantity 
of the acid is not larger than 1 Cc. of 1.04 acid in 7.5 Cc. of the 
oxalic acid solution, the titration with permanganate is to be carried 
out at 70° C, as recommended by Baxter and Zanetti, with good 
results. 

4. DETERMINATION OF CALCIUM. 


Calcium is precipitated as calcium oxalate which is then titrated. 

Volumetric solution employed: X potassium permanganate. 

For one titration weigh accurately 0.2 to 0.3 Gm. of the sample 
into a beaker, cover with 20 Cc. of water, and warm to assist solu- 
tion. In the case of the water-insoluble calcium compounds (espe- 
cially the carbonate) drop in strong HCl carefully, keeping the beaker 
covered, with a clock glass, as much as possible in order to prevent 
loss by effervescing. Heat the solution to boiling to remove any 
CO, and, if it becomes turbid, add some more HCl and heat again 
so that a clear solution is obtained. Dilute the solution with 150 Ce. 
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of water, carefully washing off the clock glass with some of the water, 
and make the solution alkaline with ammonium hydroxide. Pre- 
cipitate calcium as oxalate with 10 per cent. ammonium oxalate solu- 
tion, added dropwise, until in excess. Boil the mixture 3 minutes, 
and let stand three hours. Wash the precipitate, by decantation, 
with hot water containing some ammonium oxalate, transfer to a 
filter (preferably ignited asbestos in a Gooch crucible), and com- 
plete the washing with cold water. Test the last portion of the 
washings with a drop of a weak permanganate, which should not be 
decolorized when acidified with dilute sulphuric acid and a drop of 
the liquid added. Transfer the washed precipitate, with the filter, to 
a beaker or remove that adhering to the filter with portions of dilute 
sulphuric acid, dilute the mixture to 150 Cc. with distilled water 
and titrate with the N, permanganate V.S. One drop of the V.S. 
should be found to produce a distinct pink color, permanent one 
half minute, on mixing. Carry out a blank titration (in which 
filter of the same kind and size is used), and apply correction for 
permanganate consumed in the blank. From the results of two or 
more titrations calculate the percentage of Ca or CaO in the sample. 

The factor for calcium with N, permanganate is 0.0020045 Gm., 
for CaO =0.0028045 Gm., both derived from the equations: 


eee OF ASOu sei O =5C5 50 eter GORE. 


b. SEL, ©,-211,0 =- KMn,O, => 3H,50, 
5 X 126.06 ~~ 316.06 
= K,SO, + 2MnSO, + 10CO, + 10H,0O. 


One molecule of permanganate (316.06) reacts with 5 of oxalic 
acid which were in combination with 5 calcium or 5 CaO. Calcium 
being 40.09 and CaO = 56.9, 5 X 40.09 of calcium or 5 X 56.09 of 
calcium oxide corresponds to 316.06 of permanganate. 

t Lt. of X permanganate contains 3.1606 Gm., and corresponds 
to 2.0045 Gm. of Ca= 2.8045 Gm. of CaO. 

1 Cc. of the V.S. is the equivalent of 0.0020045 Gm. of calcium, 
and of 0.0028045 Gm. of calcium oxide. 

The percentage of Ca or CaO present in the titrated sample is 
then calculated in usual manner. 

Observations —When a large quantity of impurities is present in 
the sample, reprecipitation of the calcium oxalate should be carried 
out. For this purpose the CaC,O, is washed by decantation with 
ammonium oxalate solution, the precipitate dissolved in minimum 
dilute HCl, the solution diluted to too Cc., made alkaline with 
ammonium hydroxide, heated to boiling, and the treatment pro- 
ceeded with as stated above. Since the determination depends on 
the titration of oxalic acid, which is combined to calcium, the pre- 
cipitate must be free from soluble oxalates. In connection with 
washing, it should be remembered that calcium oxalate is appre- 
ciably soluble in water and in solutions of other salts than ammo- 


nium oxalate. yf : 
An alternative method of titration consists of adding to the solu- 
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tion of the sample a standard oxalic acid V.S. in excess. After 
boiling, the mixture is made up to definite volume and aliquots 
of the clear liquid are titrated with the standard permanganate 
V.S. The volume of standard oxalic acid V.S. consumed by the 
calcium being thus found, the percentage of the element m the 
sample is readily calculated. It will be seen that other metals, 
which form insoluble oxalates, must be absent. 

Note.—The above method of titration is applicable to determina- 
tion of strontium and bariurn with the only modification that, after 
precipitation and boiling, the mixture should be allowed to stand, 
in the case of Sr, during 1 hour, with Ba during 24 hours, before 
it is filtered. 


5. DETERMINATION OF LEAD IN THE ACETATE AND SUBACETATE. 


The lead salt is caused to react with an excess of standard oxalic 
acid and the excess is determined by titration with standard per- 
manganate V.S. 

Voiumetric solutions employed: X oxalic acid and N perman- 
ganate. 

Weigh accurately 0.2 to 0.3 Gm. of the solid or 1 to 1.5 Gm. of 
a solution of the sample for each titration. Dissolve or dilute with 
recently boiled distilled water to measure about 20 Cc. Into a 
100-Ce. mixing cylinder measure exactly 50 Cc. of 7} oxalic acid 
V.S., pour in the solution of the sample in a slow stream, mixing 
well by shaking, and washing the beaker out, into the cylinder, with 
several small portions of boiled distilled water. Dilute the mixture 
in the cylinder to a definite volume, shake thoroughly, and _ let 
stand to deposit the precipitate. Draw off aliquots of 20 Cc. of the 
clear liquid for titration. Dilute each with 3 to 4 volumes of water, 
add 5 Cc. of 10 per cent. sulphuric acid, and titrate with the XN 
permanganate V.S.. Of the V.S. one drop should finally impart 
to the titrated ier a distinct and permanent pink color. From 
the volume of § oxalic acid consumed by the sample, the quantity 
and percentage of the lead salt or its equivalent of Pb present are 
readily calculated. With lead subacetate the reaction is represented 
by the equations: 


Pb,O(C,H,O.)2 -+ 2H,C,0,.2H,0, 


548.26 2X 126.06 
= 2PbC,0, + 2C,H,O, + 3H,0. 
5H,C,0,-2H,O + K,Mn,O, ash SO, = aretes, 
316.06 


One molecule of oxalic acid (126.06) corresponds to one half 


548. 


of lead subacetate ( ee or to one of lead acetate (379.22). 


1 Lt. of X oxalic acid contains 6.303 Gm., and corresponds to 
13.7060 Gm. subacetate. 
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I Ce. of the V.S. is, therefore, the equivalent of 0.013706 Gm. of 
Ep, C HO;)., of of 0.018001 Gm, of PbeG,H,O; ),, f:0-010008 
Gm. Pb(C,H,0,),-3H,O and also of 0.010355 Gm. of Pb. 

Note.—The formula of the lead subacetate in the above equation 
is approximate. This method of titration is applicable to the deter- 
mination of other metals which form insoluble oxalates. 

Lead, in lead nitrate or other compounds, may be titrated in alka- 
line solution with standard permanganate if it be first converted into 
the nitrate. The V.S. of permanganate should be for this purpose 
standardized with a standard lead nitrate solution. The titration 
is carried out by adding an excess of the standard permanganate 
to a measured volume of the lead nitrate which has been treated 
with NaOH solution until the precipitate formed just redissolved; 
the excess of the permanganate is then titrated with some of the 
standard lead nitrate solution. 


6Pb(NO,), + K,Mn,O, + 12NaOH 
6 X 207.1( Pb) 316.06 — 
= 2MnO, + 3Pb,0, + 2KOH + 12NaNO, + 5H.O. 


1 Ce. of N permanganate V.S. is the equivalent of 0.012426 Gm. 
of lead. 

The presence of bromide, chloride or sulphate, is said not to inter- 
tere with the titration; other reactive substances should be absent. 


6. DETERMINATION OF IRON. 
A. In Ferrous Compounds. 


Volumetric solution employed: * potassium permanganate. 

Accurately weigh 0.5 of the sample, which should be free from 
ferric salt, into a titration flask, dissolve in 10 to 15 Cc. of warm 
Io per cent. sulphuric acid and titrate with the % V.S. Run in 
the permanganate slowly, mixing well, so that finally one drop of 
it should produce a distinct pink color, permanent I minute. Con- 
firm the accuracy of this by another titration, or several if needed, 
and, having allowed for the V.S. required for a blank titration, 
calculate the percentage of iron in the sample. The factor for Fe 
with X permanganate V.S. is 0.005585 Gm., and is derived from the 
following equation: 


toFeSO, + K,Mn,O, + 8H,SO, 
10 X 55.85(Fe) 136.06 


=e (SOs) KSO,-ee2NinSO, 81 O, 


One molecule of permanganate reacts with 1o of ferrous salt 
containing 10 Fe. 

t Lt. of X permanganate contains 3.1606 Gm., and corresponds 
to 5.585 Gm. of iron. 

1 Cc. of the V.S. is, therefore, the equivalent of 0.005585 Gm. of Fe. 

Observations.—When the object of the titration is to determine 
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simply the percentage of total iron in a sample, ferrous salts contain- 
ing ferric salt must be treated as though they were ferric com- 
pounds, g. v. To find the amount of Fe present in a sample, as 
ferrous salt, the titration is carried out as given above. It is evi- 
dent that other, permanganate reducing substances must not be 
present in the samples titrated. If chlorides are present the end- 
reaction will be uncertain and results poor unless manganese sul- 
phate,t which is the only effective reagent available, with a little 
phosphoric acid, is added. The results of titration with permanga- 
nate in the presence of chlorides are always high and are supposed 
to be due to liberation of chlorine and consequent reduction of some 
of the permanganate. Though manganese sulphate solution does 
not overcome the action of chlorides entirely, it is very effective 
when only a small amount of the latter is present. 

Fresenius’s method of titration, in presence of HCl, is to titrate 
several portions of the solution, successively, adding each fresh 
portion to the titrated liquid. The value for the third portion, at 
which time the HCl is said to have established an equilibrium, is 
accepted as accurate. 


B. In Ferric Compounds. 


Weigh accurately from 0.2 to 0.3 Gm. of the sample into a 100-Cc. 
flask, dissolve in 50 Cc. of 3 per cent. sulphuric acid, add 3 to 5 
Gm. of zinc, sensitized with copper (see note, p. 113), close the flask 
with a stopper provided with a “Bunsen valve” (Fig. 30), and 
warm on water-bath until all zinc is dissolved and the solution is 
light green in color. Dilute the solution to 100 Cc. with recently 
boiled, 10 per cent. sulphuric acid and draw off aliquots for titration 
with the XN permanganate V.S. Having made a blank titration in 
which an equal quantity of the reagents used is treated precisely 
as in the determination, deduct the volume of the V.S. consumed 
in the blank and, from the volume of permanganate consumed by 
the iron, represented by the difference, calculate the percentage of 
Fe in the sample. The factor with NX permanganate V.S. for Fe 
in ferric salts is the same as in ferrous salts as may be seen from 
the equations: 


Fe,(SO,), + H,(Zn + H,SO,) = 2FeSO, + H,SO,. 
1oFeSO, + K,Mn,O, + 8H,SO,—etc., see under ferrous salts. 


1 Cc. of X potassium permanganate = 0.005585 Gm. of Fe. 


Observations—Instead of zinc, sheet aluminium may be used. 
Reduction of ferric compounds before titration is also effected by 
H,S, SO,, SnCl, or Ti,(SO,);. Other substances which reduce 
permanganate, and also nitrates and chlorides should be absent. To 
remove the latter, the iron is precipitated as Fe(OH),, washed, 


*Solution of MnSO,: Dissolve 7-Gm. of crystalline MnSO, in 60 Cc. of 


water, add 2 Gm. of H;PO, (1.17), 14 Cc. of sulphuric acid (1.82) and dilute 
to 100 Ce. 
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dissolved in sulphuric acid and, after reduction, titrated. When 
chlorides alone are present titration is carried out in the presence 
of MnSO, as given under the ferrous salts. Thiocyanate should 
not be added, as a reagent for Fe, to the solution which is to be 
titrated. 

Note.—To sensitize the zinc, immerse granular zinc in 10 per 
cent. solution of copper sulphate during 2 to 3 minutes, remove, 
and dry. 


7. DETERMINATION OF MANGANESE DIOXIDE IN PYROLUSITE. 


The dioxide reacts with an excess of standard oxalic acid, the 
unconsumed acid is titrated with permanganate V.S. 

Volumetric solutions: N permanganate and NX oxalic acid. 

Into a titration flask measure exactly 50 Cc. of ® oxalic acid 
V.S., add 5 Cc. of strong sulphuric acid, then 0.15 to 0.25 Gm. of 
the accurately weighed sample, and heat on water-bath. When the 
reaction is ended, add 50 Cc. of warm water and titrate with the 
N. permanganate V.S. Add the V.S. so that finally, one drop of 
it should produce a distinct pink color, lasting one half minute. 
From the volume of X oxalic V.S. consumed in this and another 
check titration, calculate the percentage of MnO, in the sample. The 
factor for MnO, with NX V.S. is 0.004346 Gm., and is derived from 
the equations: 


MnO, + H,C,O,.2H,O + H,SO, = MnSO, + 2CO, + 4H,O. 
86.93 126.06 


5H,C,O, + K,Mn,O, + 3H,SO,—etc. 


One molecule of MnO, (86.93) reacts with one of the acid 
(126.06) and, since 1 Lt. of X oxalic acid contains 6.303 Gm., and 
corresponds to 4.346 Gm. MnO,, then 

1 Cc. of the V.S. is the equivalent of 0.004346 Gm. of MnQ,. 

Notes.—In place of § oxalic acid V.S. an excess of a standard 
solution of ferrous sulphate may be employed. With this reagent, 
to 0.2 Gm. of the sample placed in a small flask provided with a 
“Bunsen valve,” are added 50 Cc. of the recently standardized FeSO, 
solution (see II, p. 117), and the closed flask is heated on water- 
bath until the MnO, is decomposed, usually indicated by the color 
of the residue which should not be dark under these conditions. 
After cooling and diluting with boiled, diluted sulphuric acid, the 
unconsumed FeSO, is titrated with the standard permanganate V.S. 
From the quantity of ferrous sulphate oxidized by the dioxide 
(MnO, + 2FeSO,), the percentage of MnO, in the sample is cal- 
culated. 

Small quantities of Mn (in water) are determined by the method 
of Knorre. Of water, 5 Lt. are evaporated to dryness with dilute 
sulphuric acid, the residue heated with KHSQ,, dissolved in water 
and the solution filtered. The filtrate diluted to 150 Cc. is acidi- 
fied with 5 Cc. of 1+ 3 sulphuric acid, and boiled with 20 Cc. of 
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6 per cent. ammonium persulphate to precipitate Mn as MnO,. 
After cooling, 10 Cc. of 0.17 per cent. H,O, are added, and the 
unconsumed hydrogen dioxide titrated with N permanganate V.S. 
From the volume of the hydrogen dioxide, the strength of which 
is found by titration with XN permanganate V.S. at the time of 
the determination, the quantity of Mn present is calculated. Solid 
samples are dissolved and treated in like manner. For colorimetric 
determination of Mn see Chapter V. 


8. DETERMINATION OF COPPER. 


Cuprous oxide is dissolved in an excess of ferric salt solution 
and titrated with standard permanganate. 

Volumetric solution required: \ permanganate. 

A suitable quantity of the sample (0.1 Gm.) of copper salt, is 
dissolved in water, I per cent. solution of sodium carbonate is 
added in excess, the mixture heated to boiling, and the copper 
precipitated as Cu,O with a slight excess of Io per cent. solution 
of glucose, added until the blue color disappears. After boiling 10 
minutes the precipitate is filtered off through asbestos in a Gooch 
crucible, washed with hot water and then transferred, with the 
crucible, to a spacious flask previously filled with CO,. Solution of 
pure ferric sulphate is then added, together with strong sulphuric 
acid, and, when the Cu,O has dissolved, the solution is titrated 
with the X permanganate V.S. 

1 Cc. of XN permanganate V.S. corresponds to 0.00636 Gm. of Cu. 
For exact results the permanganate V.S. should be standardized 
with pure (electrolytic) copper, the method of determination being 
closely adhered to in the standardization. 

Note.—The Cu,O obtained in the determination of sugars or other 
Cu reducing substances may be titrated directly with the standard 
permanganate V.S. The precipitate, weighing not more than 0.2 
Gm., is filtered through asbestos in a Gooch crucible or on a porcelain 
plate and after washing with water is returned to the beaker from 
which it came, covered with 80 to 100 Ce. of diluted sulphuric acid, 
25 Cc. of N permanganate are added and the mixture is stirred 
until the red oxide has completely dissolved. Boiling water is 
added to bring the temperature of the solution to 40° or 50° C., 
an excess of § oxalic acid introduced and the excess titrated with 
the §, permanganate V.S. From the volume of standard perman- 
ganate consumed by the Cu,O the percentage of Cu, or of the 
particular reducing agent which produced it, may be calculated. 


g. DETERMINATION OF NITRITEs. 


Nitrites are oxidized to nitrates by an excess of standard per- 
manganate, the excess of which is titrated with standard oxalic acid. 

ps solutions employed: X permanganate and X oxalic 
acid. 

Prepare a solution of the sample of a definite strength (1-100). 
Into a titration flask, measure accurately 40 to 50 Cc. of X per- 
manganate V.S., add 20 to 30 Cc. of 10 per cent. sulphuric acid 
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and then enough of the sample solution to contain from 0.1 to 
0.15 Gm. of the salt. Dilute the solution to 300 or 400 Cc., heat 
at 40° C. during 10 minutes, and titrate with the X oxalic acid V.S. 
Add the V.S. in small portions, reducing these to drops towards the 
end, so that finally one drop should discharge the pink color of the 
permanganate. From the volume of XN, permanganate V.S. con- 
sumed by the sample, represented by the difference of the solutions 
used, calculate the percentage of the particular nitrite determined. 
The factor for any nitrite is derived from an equation representing 
the reaction of it with permanganate. Thus, for sodium nitrite, the 
factor is 0.0034505 Gm., and is obtained from the equation: 


5NaNO, + K,Mn,O, + 3H,SO, 
5 X 69.01 316.06 
= K,SO, + 2MnSO, + 5NaNO, + BHE®. 


This shows that 5NaNO, (5 X 69.01) react with K,Mn,O, 
(316.06) and, since 1 Lt. of X permanganate contains 3.1606 Gm., 
and corresponds to 5 X 0.6901 Gm. NaNO,, then 

1 Cc. of the V.S. is the equivalent of 0.0034505 Gm. of sodium 
nitrite. 

In like manner, the factor for any other nitrite is found, or if 
desired, the NO, or nitrogen equivalent of any nitrite may be de- 
rived, and the factor used in calculation of results to be expressed 
as percentage of NO, or nitrogen. 

Observations.—Nitrous acid being volatile, the order of addi- 
tion of reagents given in the method must be observed. The titra- 
tion of the excess of X permanganate by N oxalic acid V.S. is not 
always satisfactory; as an alternative, the acid may be added in 
excess and the excess then titrated with the permanganate, in which 
case the volumes of permanganate V.S. used are added and, from 
the sum, the volume of the oxalic V.S. acid is deducted. 

A direct titration of a definite volume of the N permanganate 
V.S., mixed with dilute sulphuric acid with a solution of the nitrite 
of known strength, may also be made. The solution of the sample 
is run in slowly from a burette, in gradually decreasing portions, 
so that one drop of the liquid should finally discharge the pink 
color of the permanganate. Calculations of percentage of the 
nitrite are based on the quantity of the sample required to decolor- 
ize a given volume of the standard permanganate V.S. 


10. DETERMINATION OF NITRATES. 
(Method of Pelouze and Fresenius.) 


The nitrate, reacting with an excess of ferrous chloride, oxidizes 
an equivalent quantity of it; the unchanged chloride is then titrated 
with permanganate. 

Volumetric solutions required: \ permanganate and a standard 
ferrous chloride. The latter is prepared by dissolving about 1 Gm. 
(accurately weighed) of clean iron wire, of known Fe content, in 


116 DETERMINATIONS BY OXIDATION AND REDUCTION. 


20 to 25 Cc. of strong HCl, specially free from HNOs, in a flask 
in which air has been replaced by CO,. While the iron is being 
dissolved on steam-bath, and during the subsequent cooling of the 
solution, a current of CO, should be kept continually passing 
through the flask. 

Prepare a solution of the sample, 10 Cc. to contain 0.1 to 0.2 Gm. 
of the nitrate. By means of a pipette introduce exactly 10 Cc. of 
the solution into the flask containing the FeCl, solution by opening 
the stopper slightly or inserting the pipette into the opening in the 
stopper, occupied by a glass tube, heat on water-bath until the reac- 
tion subsides and then boil gently during 10 to 15 minutes. Cool 
and dilute the solution to a definite volume with recently boiled, 
distilled water and titrate aliquots with the X permanganate, adding 
to each portion of the titrated solution 10 Ce. of manganese sulphate 
solution (see p. 112). From the quantity of iron oxidized by the 
nitrate, calculate percentage of the nitrate, or its radicle NO,, or 
the equivalent of nitrogen then present in the sample. To find the 
needed factor the reactions are represented by equations as, for 
example, in the case of potassium nitrate: 


2KNO, + 6FeCl, + 8HCl = 6FeCl, + 2KCl + 2NO + 4H,0O. 
2>X 101.11 6X 55.85(Fe) 
toFeCl, + K,Mn,O, + 16HCI 
316.3 
= 10FeCl, + 2KCl + 2MnCl, + 8H,O. 


One molecule of KNO, (101.11) oxidizes 3 molecules of FeCl, 
(3 X 55.85 Fe) to ferric salt. But one permanganate oxidizes 10 
molecules of FeCl, or 10 Fe (55.85) as ferrous salt, therefore, 


55.85 Gm. correspond to = of 33.7, Gm: KINO, or 20.7 Gi: 


of NO,. By proportion: 


Boh 83 Ta ele Ae 
Y= 0,003.4. 


One (1) Gm. of Fe corresponds to 0.6034 Gm. of KNO, or 0.37 
Gm. NQ,. 

Cc. of N permanganate V.S. is the equivalent of 0.005585 Gm. 
of Fe. 

The exact quantity of iron in the solution being known, and the 
quantity of it oxidized by the permanganate being found by titra- 
tion, the difference of these constitutes the iron oxidized by the 
sample. From these results the percentage of a nitrate or NO, is 
then calculated. 

Illustration —Of iron wire, 99.7 per cent. pure, 0.875 Gm. were 
dissolved in HCl, a sufficient volume of a solution of sodium nitrate 
to contain 0.1 Gm. of the sample added, the solution after oxidation 
made up to 100 Ce. and titrated in 25 Cc. portions. These required 
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30.1, 30.8 and 30.6 Ce. of N permanganate V.S. respectively ; to find 
the percentage of NaNO, in the sample. 

Since three fourths (75 Cc.) of the unoxidized FeCl, consumed 
g1.5 Cc. (30.1 + 30.8-+ 30.6) of NX permanganate V.S. then, to 
oxidize the excess of FeCl,, would require 122 Cc. of the perman- 
ganate. But, one Cc. of N permanganate V.S. corresponds to 
0.005585 Gm. of iron. Now, the quantity of Fe dissolved (0.875 
Gm. of 99.7 per cent.) 0.87255 Gm.; the quantity of Fe unoxi- 
dized is found by titration==0.68137 Gm.; the quantity of Fe 
oxidized by sample 0.19118 Gm. 

Since 1 Gm. of Fe corresponds to 0.50743 Gm. of NaNO, as 
found by proportion: 


LD Moy haere ype alee a 
then: 
0.19118 X 0.50743 & 100 
O.1 


707-01. 


The sample is therefore found to contain 97.01 per cent. of 
NaNoO,. 

Observations.—It is important that, beside the nitrate, no other 
oxidizing agent acting on the FeCl, be present and that the reac- 
tion of the nitrate with the ferrous salt be completed. To prevent 
entrance of air during treatment, the tube through which the CO, 
escapes should be made long enough, and bent at 45°, to reach 
into a beaker containing water. Sulphate of iron can not be satis- 
factorily used in place of the FeCl,. 

Note.—Instead of titrating the excess of FeCl,, the ferric chloride 
produced in the reaction may be determined iodometrically (see 
determination of ferric salts by titration with thiosulphate). 


11. DETERMINATION OF CHLORATES. 


The chlorate is caused to react with ferrous salt in excess and 
the unoxidized salt titrated with permanganate. 

Volumetric solutions required: ® permanganate and standard 
ferrous sulphate. The ferrous sulphate solution is prepared by 
dissolving 28 to 30 Gm. of crystalline ferrous sulphate in water to 
measure 950 Cc. and adding to the solution 50 Cc. of concentrated 
sulphuric acid. The exact strength of the solution, which will 
then be nearly X, is found by titration at the time of the deter- 
mination. 

Dissolve about 0.5 Gm. of the sample of chlorate, weighing accu- 
rately, in water, to measure exactly 100 Cc. Transfer 10 Cc. of 
the solution to a 200-Cc. flask provided with a Bunsen valve, see 
p. 97, pass CO, through the flask to remove all air, close the flask 
and boil contents gently during 10 to 15 min. Cool the solution, 
dilute it with an equal volume of cold, recently boiled distilled 
water and titrate with the X permanganate, using 10 Cc. of man- 
ganese sulphate solution (p. 112). From the quantity of iron in 
the ferrous sulphate oxidized by the chlorate, calculate the per- 
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centage of the particular chlorate present in the sample. The reac- 
tions are represented: 


KIO, -— 6FeSO, 5 4H5SO, = KCl -eashe iSO.) nice. 
122.56 6 X 55.85 (Fe) 


toFeSO, + K,Mn,O, + 8H,SO, 
10 X 55.85 (Fe) 316.060 


== 10Fe,(SO;), + K,SO, == 2MnSO, --  8H,0: 
The oxygen of one molecule of chlorate (122.56) oxidizes 6 atoms 


of iron as ferrous salt (6 & 55.85), while one permanganate oxi- 
dizes 10 atoms of Fe; so that: 


KClO,=6FeSO, = es K,Mn,O,, or K,Mn,O,=-¢ KCIO,. 


1 Lt. of X permanganate contains 3.1606 Gm., and corresponds 
to'2.0425 Gm. of KCIO,,. 

I Ce. of the V.S. is, therefore, the equivalent of 0.0020425 Gm. of 
potassium chlorate. 

Illustration. Quantity of sample of KCIO, employed in titration 
==0.048 Gm.; N permanganate required for 50 Cc. of FeSO, solu- 
tidn== 52.4. Coe-2) permanganate: required tor excess-ot hesO; 
in determination, 29.2 Cc.; N permanganate, which corresponds to 
chlorate present, 23.2 Cc.; to calculate the percentage of KCIO, 
in the sample. By rule on p. 24, 


0.0020425 X 23.2 X 100 


0.048 
The sample is found to contain 98.72 per cent. of KCIOg. 


==), 7 2. 


12. DETERMINATION OF PERSULPHATES. 


Persulphates, not decolorizing permanganate readily, are caused 
to react with ferrous sulphate in excess and the excess of the salt 
is then titrated with permanganate. 

Volumetric solutions employed: N permanganate and standard 
ferrous sulphate (see II). 

Displace the air in a small flask with CO,, introduce 30 Cc. of 
recently standardized FeSO, or (NH,),Fe(SO,), of about 
strength, drop in 0.2 to 0.3 Gm. of the accurately weighed sample 
and close the flask with a stopper provided with a “ Bunsen valve.” 
Shake the mixture well while warming on water bath. When the 
reaction is completed, cool, dilute with 70 Cc. of recently boiled 
distilled water and titrate with N permanganate V.S. From the 
quantity of the ferrous salt oxidized by the persulphate, calculate the 
percentage of the persulphate in the sample. Reactions: _ 


K,S,0,° + | 2FeSO)* ==" Be, (SO;).. a kc OF 
270.34 215 1.02 
roFesO, -- ~K,Mn.Oj ies SSO, ete! 


316.06 
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316.06 Gm. of permanganate correspond to 5 X 270.34 or 1351.7 
Gm. of potassium persulphate. 

1 Lt. of N permanganate contains 3.1606 Gm., and corresponds 
TOnks. 50 71Gm aks. O.. 

t Ce. of the V.S. is the equivalent of 0.013517 Gm. of potassium 
persulphate. 

Note.—Heating of the solution at 60° C. during 10 minutes and 
cooling in CO, during 12 hours, then titrating with standard per- 
manganate V.S. has been recommended. 


13. DETERMINATION OF PERCARBONATES AND PERBORATES. 


These compounds react with dilute acids, giving hydrogen dioxide, 
which is titrated. 

Volumetric solution employed: X permanganate. 

From 0.2 too.3 Gm. of the sample, accurately weighed, are dropped 
into 300 Cc. of cold diluted (10 per cent.) sulphuric acid and, when 
completely dissolved, the liquid is titrated with 4, permanganate 
V.S. The reaction is completed when one drop of the V.S. is found 
to have imparted to the liquid a distinct pink color, permanent one 
half minute on mixing. Calculation of the percentage of the par- 
ticular percarbonate or perborate present in the sample is made with 
factors derived from equations representing the reactions involved. 
Thus, for instance: 


i K,C,0,-H,O + 2H,SO, = 2KHSO, + 2CO, + H,O, + H,0. 
216.22 
2. NaBO,-4H,O + H,SO, 
“154.1 
==" NaHSO, -——" B(OH)... H,0, .- 2H.0; 


5H,0. + K,Mn,O, + 3H,SO, 
316.06 


RESO Meee inSOme some ae Or 


1 Lt. of X permanganate contains 3.1606 Gm., and corresponds to 
i 7o1 (Gm HO. 

1 Ce. of the V.S. is, therefore, the equivalent of 0.007705 Gm. 
perborate, and of 0.010811 Gm. percarbonate. 


14. DETERMINATION OF HyPpoPHOsPHoROUS ACID. 


The acid is oxidized with an excess of standard permanganate, 
and the excess of this is titrated with standard oxalic acid. 

Volumetric solutions employed: N permanganate and § oxalic 
acid. 

Weigh accurately 3 to 5 Gm. of the sample, dilute with water to 
measure exactly 100 Ce. Into a titration flask introduce 50 Cc. of 
N permanganate V.S., add 10 Cc. of Io per cent. sulphuric acid, 


then 10 Ce. of the solution of the sample, and heat to boiling. After 
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Is minutes boiling, cool somewhat and titrate, while warm, with the 
N’ oxalic acid V.S. The oxalic acid should be run into the colored 
liquid, in small portions, with agitation, until the final pink color 
of the solution is discharged by one drop of the oxalic acid V.S. 
From the volume of X permanganate consumed by the sample, 
calculate the percentage of the acid present. The factor for hypo- 
phosphorous acid with NX permanganate is 0.00165075 Gm., and is 


derived from the following equation: 


5HPH,O, + 2K,Mn,O, + 6H,;S0, 
5 X 66.03 2 X 316.06 
= 2K,SO, + 4MnSO, + 5H,PO, + 6H,O. 


1 Lt. of NX permanganate contains 3.1606 Gm., and corresponds 
to 1.05075 Gm. HPH,O,. 

1 Cc. of the V.S. is, therefore, the equivalent of 0.00165075 Gm. 
of hypophosphorous acid. 

Observation.—Other reducing agents than hypophosphorous acid 
must not be present. Hypophosphites, yielding hypophosphorous 
acid with sulphuric acid, may be determined by the same method. 
For one titration only about 0.1 Gm. of the salt should be taken, 
while the volume of H,SO, added is increased. If the end-reaction 
is obtained with difficulty, an excess of the oxalic’ acid may be 
added and titration completed with X permanganate V.S. 


15. DETERMINATION OF PERMANGANATES. 


Volumetric solution employed: % oxalic acid. 

Titration of permanganate with X oxalic acid is carried out after 
the method given for the standardization of potassium permanga- 
nate V.S., p. 96, the solution of the sample of definite strength being 
used for titration of a definite volume of the X oxalic acid V.S. 
Since 1 Ce. of NX oxalic acid V.S. corresponds to 0.0031606 Gm. of 
potassium permanganate, the quantity of permanganate in the vol- 
ume of the solution of sample is readily calculated. 

Note.—Permanganate may also be determined by titration with 
4, arsenous acid V.S. used in excess. The mixture is heated until 
the supernatant liquid is clear, then filtered, washed, and in the 
filtrate, neutralized with HCl, the unconsumed As,O, titrated with 
N_ iodine V.S. in the presence of sodium bicarbonate. (See iodo- 
metric titrations. ) 

Residual titration with § oxalic acid and X permanganate is 
also made use of in this determination (U.S.P. method). 


16. DETERMINATION OF FERROCYANIDE. (De Hean.) 


Volumetric solution employed: “ permanganate. 

Dissolve about 1 Gm. of the sample, accurately weighed, in 100 
Ce. of water, acidify the solution with 10 per cent. sulphuric acid 
and titrate with the standard V.S. Add the permanganate to the 
milky mixture, in small portions, reducing the flow to drops as 
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soon as a change from yellow color to greenish is observed. When 
a distinct pink color appears the end-point is reached. For calcu- 
lation of the percentage, the factor for potassium ferrocyanide, 
which is 0.036856 Gm. with X V.S., is derived from the equation: 
10K,FeCN,-3H,O + K,Mn,O, + 8H,SO, 
10 X 422.37 "316.06 
= 10K,FeCN, + 6K,SO, + 2MnSO, + 11H,0O. 


1 Lt. of 8 permanganate contains 3.1606 Gm., and corresponds to 
42.227 Gm. of K,FeCN,-3H.O. 

1 Cc. of the V.S. is, therefore, the equivalent of 0.042237 Gm. of 
potassium ferrocyanide. 


17 DETERMINATION OF FERRICYANIDE. 


Ferricyanide is reduced to ferrocyanide in alkaline solution by 
FeSO, and the ferrocyanide is then titrated with permanganate. 

Volumetric solution employed: 4% permanganate. 

Dissolve a suitable quantity of the sample (0.5 Gm.) in water, 
make alkaline with KOH, adding enough of the solution to intro- 
duce 0.4 Gm. of the hydroxide, heat to boiling, and add an excess of 
ferrous sulphate solution or about 0.2 Gm. of the crystalline salt 
for each 0.1 Gm. of the sample used. Heat the mixture until a 
black precipitate of ferro-ferric hydroxide separates, then cool, 
dilute with water to make the mixture measure 250 Cc., and titrate 
the clear supernatant liquid in aliquots of 50 Cc. Before the addi- 
tion of the V.S. acidify with sulphuric acid and then titrate the 
ferrocyanide, adding the V.S. in small portions until a pink color 
is imparted to the titrated liquid. From the permanganate con- 
sumed the percentage of the ferricyanide present is calculated. 
The reactions are represented: 


K,FeCN, + 2Fe(OH), + KOH = K,FeCN, + Fe,(OH),. 
320.21 


toK,FeCN, + K,Mn,0O, + 3H,50, = etc., see above 
316.06 


Since ferricyanide gives ferrocyanide, and ten molecules of the 
latter require one of permanganate for oxidation, it will be seen 
that 1 Cc. of N permanganate, which contains 0.0031606 Gm., is 
the equivalent of 0.032921 Gm. of potassium ferricyanide. 

Observations.—It is important to adjust the quantities of KOH 
and of FeSO, in this determination. While an excess of ferrous 
sulphate in relation to the ferricyanide is necessary, the KOH must 
be present in sufficient quantity to supply the needed potassium as 
well as to precipitate all the iron in the sulphate as hydroxide. 


18. DETERMINATION OF HyprRoGEN SuLPHIDE. ( Mohr.) 


Hydrogen sulphide reduces ferric salts to ferrous, the reduced 
salt is titrated with permanganate. 
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Volumetric solution employed: \ permanganate. 

A suitable volume of ferric sulphate solution, free from ferrous 
salt, in diluted sulphuric acid is carefully measured into a small 
flask from which the air has been removed by CO,, 10-25 Cc. of 
the solution of H,S are then run in from a pipette, the flask securely 
closed and, after mixing, allowed to stand 1 hour. For titration 
the liquid is diluted with recently boiled distilled water and titrated 
with the N permanganate V.S. in the usual manner. The separated 
sulphur has no effect on the results. The pink color of perman- 
ganate should last at least one half minute. For calculation of the 
percentage the factor for H,S with X& V.S., which is 0.001604 Gm., 
is derived from the equations: 


Be,(30,); + 9H == 2FesO; —-- GH SO, Fre: 
34.09 
toFeSO, + K,Mn,O, + 8H,SO, 
316.06 


Sole (SO ya kSOn a nSOne a cere) 


One H,S reduces 2 Fe from ferric to ferrous, or one Fe corre- 
sponds to ae One molecule of permanganate (316.06) therefore 
corresponds to 5 X 34.09 or 170.45 parts of H,S. 

1 Lt. of X permanganate contains 3.1606 Gm., and corresponds to 
177045. Ginwot JH. S: 

I Cc. is, therefore, the equivalent of 0.0017045 Gm. of hydrogen 
sulphide. 

The above method is applicable to determination of other sul- 
phides and also of such metals as cadmium and zinc. The sulphides 
of these metals are precipitated, washed, treated with sulphuric 
acid in presence of the ferric sulphate, in a closed bottle, and the 
ferrous salt produced titrated as above. From the quantity of the 
ferrous salt produced, or rather the volume of permanganate con- 
sumed, the percentage of the particular metal is calculated. 

The time required for decomposition may be shortened to one 
half if the mixture be heated in a pressure vial on water-bath. 


19. DETERMINATION OF Formic ACID. 


Volumetric solution employed: X permanganate. 

Weigh accurately about one (1) Gm. of the sample into a 250-Cc. 
measuring flask, dilute to the mark with water, at standard tempera- 
ture, and employ 20 Cc. portions for titration. Neutralize the acid 
to be titrated with a slight excess of sodium carbonate, heat to 80° 
C. and titrate with N permanganate V.S. Add the V.S. in such a 
manner that one drop will finally impart a distinct pink color to 
the titrated liquid. From the average volume of several titrations, 
calculate the percentage of the acid in sample. The reaction is 
represented by the equation: 
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3HCOOH + K,Mn,O, = K,CO, + 2CO, + 2MnO, + 3H,O. 
BY 460102 316.06 


316.06 parts of permanganate oxidize 3 x 46.02 parts of formic 
acid, 

1 Lt. of X permanganate contains 3.1606, and corresponds to 
(0.4602 X 3) 1.3806 Gm. HCOOH. 

1 Ce. of the V.S. is, therefore, the equivalent of 0.0013806 Gm. of 
formic acid. 

Observations.—Formic acid is not readily oxidized in cold solu- 
tions, requiring 6 or more hours at room temperature. For titra- 
tion the acid must be neutralized to prevent loss by volatilization. 

This method of titration may be also employed for the determina- 
tion of formaldehyde. The oxidation in that case requires only 
one hour in the cold and is best made with an excess of the per- 
manganate V.S., a measured volume of which is added. The excess 
of the permanganate may then be found by titration with X oxalic 
V.S., titrating at 4o° C., or by adding an excess of this V.S. and 
titrating with N. permanganate V.S. 

The permanganate method not being entirely reliable, the hypo- 
bromite method, see p. 154, has been advanced to supersede it. 


20. DETERMINATION OF TANNIN. 
(Loewenthal’s Method, Proctor’s Modification. ) 


Tannin is oxidized by standard permanganate, the titration being 
carried out in the presence of indigo solution. 

Volumetric solution required: X potassium permanganate, accu- 
rately standardized with N oxalic acid V.S. 

Indicator: Indigo solution. 6 Gm. indigo carmine, H,SO, 50 
Cc. + H,O to make 1000 Cc. 

Dissolve 2-3 Gm. of a sample of tannic acid in water and dilute 
the solution or an infusion of 5 Gm. of the drug, prepared with 
400 Cc. of water, to measure, in the cold, 500 Cc. For titrations 
employ 10 Cc. of the diluted solution. 

To 25 Cc. of indigo solution, accurately measured, add 10 Cec. 
of the solution of sample, then 700 Cc. of water and titrate with the 
standard permanganate V.S. Add the V.S. in small portions, 
stirring well, until the titrated liquid becomes light green, then 
reduce the flow to drop at a time so that finally one drop of the V.S. 
produces a bright yellow to pinkish color. The volume of X per- 
manganate V.S. consumed designate as (a). 

To determine and allow for the effect on permanganate of sub- 
stances other than tannin, the tannin is precipitated and removed. 
Hide powder or gelatin is used. 

To exactly 100 Cc. of the sample solution add 50 Cc. of a gelatin 
solution, 2.5 per cent. in saturated sodium chloride, then 100 Cc. of 
a solution of 97.5 Cc. of saturated NaCl and 2.5 concentrated H,SO,, 
add some kaolin or granulated tale and mix well by shaking several 
minutes. Let settle, filter the clear solution, rejecting first portion, 
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then take 25 Cc. of the filtrate (corresponding to 10 Cc. sample 
solution), together with 25 Cc. of the indigo solution, both accurately 
measured, and dilute with 700 Cc. of H,O as given above. The 
permanganate V.S. should be run in cautiously to the production of 
yellow to pinkish color, matching that of the first titration. The 
volume of the V.S. consumed is represented by (>); a—b=c, 
which represents the volume of permanganate consumed in the 
oxidation of tannin. The calculation is then made through % 
oxalic acid V.S., tooo Ce. of which are assumed to correspond to 
Avi 5 7th ..Or tannin (gallotannic acid). 

For pure tannin solutions the second titration may be replaced by 
a blank titration in which 25 Cc. of the indigo solution, diluted 
with 700 Cc. water, are titrated with the standard permanganate, 
a—b==c, as above. The success of these titrations depends on 
identity of conditions, and careful measuring. 

The value of standard permanganate or of oxalic acid through 
the permanganate is established by titration of a pure tannic acid 
solution of definite strength. The standard solution is made about 
0.3 per cent., the purest obtainable tannin (not less than 95 per 
cent. by hide powder) being employed. 

Solutions of samples for titration should be made at 50° C., 
crude drugs or powders being extracted by infusion and percolation 
until the sample is exhausted. (Test last portion with ferric chlo- 
ride.) Extracts or strong solutions are diluted to contain 0.6 to 
0.8 Gm. of solid matter in 100 Ce. 

In wine, tannin and color are jointly determined. The alcohol 
in 100 Cc. of wine is removed by evaporation and the loss of liquid 
made up by addition of water. 5 to 10 Cc. of the alcohol-free wine 
are mixed with 25 Cc. oy indigo solution, diluted with 1000 Cc. of 
water, and titrated with X permanganate V.S. to the pieoseece ate! of 
yellow color. Volume consumed = (a). 

An equal volume of the alcohol-free solution of sample is mixed 
with purified animal charcoal, shaken during 15 minutes, filtered, 
and the charcoal washed thoroughly with water. The filtrate and 
ee are diluted to measure 1000 Cc., and the liquid is titrated 
with NX permanganate V.S. The number of Cc. of the V. 5. con- 
sumed = (b) ; a—b=c, representing in Cc. the volume of x per- 
manganate consumed in oxidation of tannin and coloring matter in 
ite) Ce. of wine. To calculate, the equivalents above given are used. 

In spices, tannin is determined by titration of an infusion of the 
sample prepared after 24 hours extraction, with ether, in a soxhlet 
extractor. 2 Gm. are so treated and the residue is boiled with 300 
Ce. of water during 2 hours, diluted to 500 Cc. and filtered. Aliquots 
of 25 Cc. are titrated with permanganate V.S. and indigo as given 
above. 


21. DETERMINATION OF NITRATES. (Vriens.)? 


Nitrate, in ‘solution containing sulphuric acid, oxidizes ferrous 
to ferric salt; add K,FeCN, and the color produced will depend 


” “ce 9 


on the “ic” or ~ ous” salt present. 
*Ztsch. anal. Chem., 1907, 46, p. 414. 
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Volumetric solution required: Standard ferrous ammonium sul- 
phate (Mohr’s salt). Prepared by dissolving 25 Gm. of the crys- 
talline salt, in water, to measure 1000 Cc., and adding a little sul- 
phuric acid. The exact strength of the V.S. is established by 
titration with NaNO, solution, 5 Gm. to 1 Lt. 

Indicator: Potassium ferricyanide solution 0.1 per cent. 

The sample of nitrate (about 5 Gm.) to be determined is care- 
fully weighed, dissolved to measure exactly 1000 Cc., and, if need 
be, the solution filtered. Of the clear solution, 10 Cc. are accu- 
rately measured into a 200-Cc. erlenmeyer, 10 Cc. of concentrated 
H,SO, added, then, from a burette, the standard (NH,),Fe(SO,). 
V.S. run in and 1 Cc. of the indicator introduced. The color pro- 
duced should be observed within one half minute, a greenish color 
appearing on longer standing. If the color produced is blue, less of 
the V.S. must be added next time. The titration is repeated with 
fresh 10 Ce. portions until the color of the end-reaction is just brown 
or brownish-green, when a volume of the V.S., 0.1 Cc. greater, 
gives a blue color. From the volume of standard ammonium fer- 
rous sulphate V.S. required to react with the nitrate present, the 
percentage of the latter in sample is calculated, the factor having 
been found by standardization of the V.S. with pure nitrate. 

Oxidizable substances which react with the nitrate as well as 
oxidizing agents acting like the nitrate must not be present. 


B. Titrations with Standard Potassium Dichromate V.S. 
22. DETERMINATION OF FERROUS SALTS. 


Ferrous salts are oxidized to ferric; the end-reaction is indicated 
when a drop of the titrated liquid no longer reacts with the ferri- 
cyanide. 

Volumetric solution employed: X, dichromate. 

Indicator: Solution of potassium ferricyanide, 2 per cent. (must 
be free from ferrocyanide ). 

Accurately weigh from 2 to 3 Gm. of the sample, dissolve in water, 
to measure exactly 100 Cc.; of saccharated ferrous carbonate 1.5 to 
2 Gm. are dissolved in 15 Cc. dilute sulphuric acid and the solution 
diluted to 100 Cc. Measure into a beaker 10 Cc. of the solution, 
dilute with water to 100, then add 5 Cc. of Io per cent. sulphuric 
or hydrochloric acid and titrate with the % dichromate V.S. For 
a trial titration, run the V.S. into the titrated liquid in 1 Cc. portions, 
mixing after each addition, and testing the titrated liquid, after 
each addition, when nearly all of the ferrous salt has been oxidized. 
For this purpose, mix the liquid well, remove a drop of it to a clean, 
white porcelain plate, and bring in contact with it a drop of the 
indicator. When an instantaneous bluish color is no longer pro- 
duced, read the burette and use the result as a guide for the subse- 
quent titrations which are to be more carefully performed. In these 
titrations, run in of the dichromate V.S. as much as‘ will oxidize 
nearly all the ferrous salt, and complete the titration by adding the 
V.S. in 2 to 3 drop portions at a time and testing for the end-point 
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after each addition in the manner given. When finally 2 drops of 
the V.S. are added and the titrated liquid, after mixing, gives no 
blue color with a drop of the indicator, the reaction is completed, 
and the reading of the burette taken just before the last portion has 
been added, is accepted. From the volume of the V.S. required for 
oxidation and found as the result of several titrations the per- 
centage of the Fe in sample is calculated. 

The factor for Fe as ferrous salt with N dichromate V.S. is 
0.005585 Gm. and is derived from the following equation: 


6FeSO, ++ K,Cr,0, + 8H,SO, 
6 X 151.92 204.4 
6X 55.85(Fe) 


= Cr,(SO,), + 3Fe,(50.), + 7H,O + 2KHSO,. 


One molecule of potassium dichromate (294.4) reacts with six 
(6) of ferrous sulphate, 6 X 151.926 X 55.85 Fe. One Fe then 


corresponds to one sixth of dichromate. 

t Lt. of & dichromate contains 4.9066 + Gm., and corresponds 
to 5.585 Gm. Fe. 

1 Ce. therefore is the equivalent of 0.005585 Gm. of Fe. 

To calculate percentage: 


Vol. of X dichromate X 0.005585 * 100 
Weight of sample 


== pet Cent sorsuc: 


Observation.—While the end-point is not very sharply indicated 
and the titration requires care and skill in manipulation, this method 
gives satisfactory results if properly carried out. No difficulty 
arises from the presence of HCl, nor is the titration affected by 
the turbidity of the solution. As in other drop end-titrations, blank 
titration should be made under conditions identical with those of 
the determination, and the volume of the N dichromate V.S. con- 
sumed in the blank allowed for. 


23. DETERMINATION OF GLYCERIN. (Dichromate Method.) 


Glycerin is oxidized to CO, and water, with an excess of standard 
potassium dichromate V.S., and the unconsumed chromate found 
by titration with standard ferrous salt solution. Substances reduc- 
ing K,Cr,O, must, of necessity, be absent. 

Volumetric solutions employed: Standard ammonium ferrous 
sulphate V.S., 3 per cent., and standard potassium dichromate V.S. 
(Hehner’s solution), containing 74.86 Gm. of pure K,Cr,O, in 1000 
Ce. When the dichromate is not. chemically pure the exact strength 
of its solution is established by titration with the standard ammo- 
nium ferrous sulphate V.S. 

Indicator: Potassium ferricyanide solution. 

Of a sample of glycerin 0.2 Gm. are carefully weighed or a con- 
venient volume of an aqueous solution containing as much is meas- 
ured into a beaker or flask, diluted with boiled distilled water to 
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measure about 15 Cc. 15 Cc. of concentrated sulphuric acid are 
stirred in, 30 to 40 Cc. of the standard solution of dichromate, accu- 
rately measured, are added, and the mixture heated, during two 
hours, in a covered vessel. It is best to heat in a flask under return 
condenser. When the reaction is ended the cooled solution is diluted 
with recently boiled distilled water to a definite volume, and aliquots 
of it are titrated with the standard ammonium ferrous sulphate 
V.S. The titration is carried out in the manner given for determ- 
ination of ferrous salts with NX dichromate V.S., the end-reaction 
being indicated when a drop of the titrated liquid, taken out and 
mixed with a drop of the indicator, is found to give a distinct blue 
color appearing immediately. From the volume of the standard 
dichromate V.S. consumed, the percentage of glycerin in sample is 
calculated. 1 Cc. of the standard potassium dichromate V.S.—=o0.o1 
Gm. of glycerin. 


3C;H,O; + 7K,Cr,0, + 28H,SO, = 7K,SO, + 7Cr,(SO,); 
+ 40H,O + 9CO,,. 


For crude glycerin, or impure solutions of it, the method of 
Richardson and Jaffé (J. S. Chem. Ind., 1898, 4, 330) employs 
lead subacetate for purification. To 25 Cc. of the sample of a weak 
solution, diluted with 50 Cc. of water, and neutralized, if necessary, 
solution of lead subacetate, 25 per cent., is added in slight excess, 
the mixture well agitated by shaking, filtered, and the precipitate 
washed with 150 Cc. of cold water. In the filtrate the excess of 
lead is precipitated with diluted sulphuric acid, the liquid diluted to 
measure 250 Cc., and 20 Cc.=2 Cc. of the sample are drawn off 
for oxidation. To each such portion is added 25 Cc. of the standard 
dichromate V.S., 25 Cc. of concentrated sulphuric acid stirred in 
and the mixture heated 20 minutes on boiling water-bath, or until 
the oxidation is completed. The liquid is then diluted with boiled 
distilled water to measure 250 Cc. and titrated in 20 Cc. portions 
with the standard ammonium ferrous sulphate V.S. as above. 

A serious objection to this method is the reactibility of potas- 
sium dichromate. Phosphates and chlorides are objectionable. 
Aldehydes and chlorides may be removed with moist Ag,O acting 
10 minutes. 

The factor derived by Hehner has been found low by F. Schulze 
(Chem. Zeit., 1905, 29, 976), who says that 74.86 Gm. of potassium 
dichromate oxidize more nearly 11 Gm. of glycerin so that I Cc. 
of the V.S. corresponds to 0.o11 Gm. of glycerin. 


II. INDIRECT OXIDATION METHODS. 
Direct Titrations. 
24. DETERMINATION OF THIOSULPHATES, 


Thiosulphate is oxidized by iodine to tetrathionate. 

Volumetric solution employed: 3, iodine. 

Dissolve about 0.5 Gm. of sample, accurately weighed, in 20 Ce. of 
water and titrate the solution with the N iodine V.S. Run the V.S. 
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into the solution of the sample from a burette in small portions, 
mixing well after each addition. Reduce the flow to drops toward 
the end of the titration, that is, when the yellow color produced by 
the added iodine begins to disappear less rapidly, and continue the 
addition carefully until finally one drop of the V.S. produces a 
distinct, permanent yellow color. Having confirmed the result by 
a check titration, calculate the percentage of the thiosulphate pres- 
ent in the sample. The factor for sodium thiosulphate with & 
iodine is 0.024824 Gm. and is derived from the equation: 


2N,5,0,:5H,0 + al + 2Nal + Na,S,O, + 10H,O. 


2X 248.24 2X 126.92 


This shows that 126.92 parts of iodine react with 248.24 parts of 
Na thiosulphate. 

1 Lt. of & iodine contains 12.692 Gm., and corresponds to 24.824 
GmsNa5o,0,-511,0; 

I Cc. is, therefore, the equivalent of 0.024824 Gm. of sodium 
thiosulphate. 

To calculate the percentage : 


Cc. V.S. consumed & 0.024824 & 100 
Weight of sample 


= per cent. sod. thiosulphate. 


Observation.—Since the factor is derived for a thiosulphate con- 
taining water of crystallization, the sample used for analysis must 
be crystalline and the crystals uneffloresced, otherwise high values 
will be obtained even when the sample contains considerable im- 
purities. 


25. DETERMINATION OF SULPHITES AND BISULPHITES. 


These salts of sulphurous acid are oxidized by iodine to sulphates. 
In titration some neutralizing agent (NaHCO,) must be present to 
combine with HI formed. 

Volumetric solution employed: X iodine. 

Employ 0.2 to 0.4 Gm. of the sample for one titration. Weigh 
accurately, dissolve in 20 Cc. of water, add 1 Gm. of NaHCO, and 
titrate with the N iodine V.S. as in the case of the thiosulphate. 
When one drop of the V.S. is found to have imparted to the titrated 
liquid a distinct, permanent yellow color, the oxidation is completed. 
Having made a check titration, calculate the percentage of the par- 
ticular salt in the sample. 

In the case of sodium sulphite, the reaction with iodine is repre- 
sented in the following equation which serves to derive the re- 
quired factor: 


Na,SO,-7H,O + 2I = Na,sO, + 2HI + £6H,O. 
252.2 2X 126.92 


hee See) 
120.97 parts of iodine react with 222 = 126.1 parts of sodium 


sulphite. 


INDIRECT OXIDATION, 12g 


1 Lt. of X iodine contains 12.692 Gm., and corresponds to 12.61 
Gm. Na, SO, "7H, ©; 

ok Cree Ey therefore, the equivalent of 0.01261 Gm. of crystalline 
sodium stilphite. 

Factors for other sulphites and bisulphites are found in like man- 
ner. The secondary reaction: 


HI + NaHCO,= Nal + CO;2H,0, 


in which the HI formed is neutralized, is not considered in the 
calculation. 

Observations —The function of NaHCO, represented in the 
equation, has been discussed under standardization of & iodine V.S. 
by tenth-normal arsenous acid V.S., g. v.  Sulphides and _ bisul- 
phides may also be determined by residual titration (U.S.P. method). 
To 50 Cc. of the X iodine V.S. contained in a glass-stoppered bottle 
of 100 Ce. capacity, 0.5 Gm. of the sample is added, the bottle closed 
and contents mixed well by shaking. In the case of the sulphites 
the titration is made as soon as the sample has dissolved, while with 
bisulphites 1 hour should be allowed, with frequent shaking, for 
complete oxidation. If the solution be colored, starch solution 
should be used as indicator. 


26. DETERMINATION OF SULPHUROUS ACID. 


Sulphurous acid is oxidized with an excess of standard iodine 
and the excess of the latter ees with standard thiosulphate. 

Volumetric solutions employed: % iodine and X thiosulphate. 

Into a titration flask measure exactly 50 Cc. of N iodine V.S., 
add 2 Cc. of the sample and let stand 3 to 4 minutes. Titrate the 
unconsumed iodine with X thiosulphate V.S., adding this in small 
portions and mixing well after each addition. When the brown 
color of the titrated liquid changes to yellow, reduce the flow to 
drops and continue to add one drop at a time until one drop finally 
discharges the light yellow color. Carry out a check titration and, 
from the results, calculate the percentage of the acid in sample. 
The volume of the X% iodine consumed by the sulphurous ‘acid is 
found by subtracting the volume in Cc. of §N thiosulphate consumed 
from 50 Cc., the volume of X iodine used. To find the weight 
of 2 Cc. of the sample which must be had for the calculation of 
percentage, exactly 2 Cc. are measured into a small glass-stoppered 
weighing flask and accurately weighed. 

The reactions involved are represented by the equations from 
which the factor for sulphurous acid is derived: 


SO, + al SE AEHO) seh JERSOF A SAGs ae 

64.07 2 X 126.92 

ot Bees 5,075.0. —)2Nal 3 Nad,0, 0-4. 10H. 
2X BARA See Re 


1 fo) 
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It appears that 126.92 parts of iodine react with 32.035 parts of 
SO, then, 

1 Lt. of X iodine containing 12.692 Gm. corresponds to 3.2035 
Gm. of SO,, and 

1 Ce. of the V.S. is, therefore, the equivalent of 0.0032035 Gm. 
of sulphurous anhydride. 

Observations.—The titration is made residual and the acid added 
to the §} iodine V.S. to prevent loss by volatilization and to avoid 
incomplete oxidation with separation of sulphur which takes place, 
when the iodine solution is run into the sulphurous acid, accord- 
ing to the equation: 


SO, + 4HI=S-+ 4I + 2H,O. 


When other iodine-consuming substances such as the sulphites 
or the organic compounds, phenol, gallic acid, tannin, etc., are pres- 
ent, the acid should be distilled into an excess of standard iodine 
V.S., and the excess titrated with the thiosulphate V.S. For this 
purpose the air within the distilling apparatus is displaced by CO, 
and, after most of the SO, has been distilled over, the remaining 
traces of the gas are carried over by a slow current of CO,. To 
guard against loss of iodine another absorption flask containing KI 
solution or a measured volume of XX thiosulphate V.S. is attached 
to the receiver containing the N iodine. The two absorption solu- 
tions are mixed before the titration of the excess of the iodine is com- 
menced. If X thiosulphate V.S. were used in the guard tube and, 
on addition to the iodine in the receiver, the iodine is decolorized, the 
titration must be completed with N iodine, otherwise the volume of 
the thiosulphate is subtracted from that of iodine placed in the 
receiver. 

A simple titration of a measured volume of XX iodine, with the 
sulphurous acid solution may be made, and, from the volume of 
the acid required to decolorize the iodine, the percentage of the 
acid present is calculated. 


27. DETERMINATION OF SULPHITE AND THIOSULPHATE, 
PRESENT TOGETHER. 


Sulphites do not react with mercuric chloride, while a thiosul- 
phate is decomposed, giving sulphide and a sulphate. The thio- 
sulphate may, therefore, be decomposed with an excess of mercuric 
chloride and, in the filtrate, the sulphite present determined by 
decomposing it with an acid and distilling the SO, into standard 
iodine. To represent the reactions: 


Na,S,O, + HeCl, + H,O = Na,SO, + HeS + 2HCl. 
Na,SO, ++ 2HCI—2NaCl + SO, + H,0. 
SO; fai 4. 2H .O = H,S0) Ht. 
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The decomposition and subsequent distillation should be made 
in an air-tight apparatus containing CO,, the last traces of the SO, 
being carried over by a current of CO,. To prevent loss of iodine 
a guard “U”-tube containing KI solution or X, thiosulphate (a 
measured volume) is attached to the receiver. The volume of the 
N iodine V.S. consumed by the SO, is employed in calculation of the 
percentage of the sulphite present. The thiosulphate is found, by 
difference ; a separate titration of a portion of the sample gives the 
volume of X iodine that corresponds to both the sulphite and thio- 
sulphate. The difference of the two volumes of § iodine V.S. 
corresponds to the thiosulphate. 


28. THIOSULPHATE IN PRESENCE OF SULPHITE. 


Where the above methods can not be employed another one, based 
on the reaction of tetrathionate with nascent hydrogen in which 
H.S is formed, is utilized. In a suitable quantity of the sample 
both salts are oxidized by titration with standard iodine V.S., starch 
solution being used as indicator, and the V.S. added until one drop 
of it just produces a distinct blue color. The reactions are rep- 
resented : 

Na,SO, + 21 + H,O= Na,SO,-+ 2HI1. 


2Na,S,O0, + 21 = Na,S,O, + 2Nal. 


For the reduction of the tetrathionate Al-+ HCl are added to 
the cold oxidized solution, diluted with 50 Cc. of water, and the 
H,S generated, distilled by gentle heating into an excess of X iodine 
V.S. The unconsumed iodine is then titrated with N thiosulphate 
in presence of sodium bicarbonate as in determination of hydrogen 
sulphide, iodometrically (see 29), or the gas may be passed into an 
excess of ferric sulphate, and the ferrous sulphate produced titrated 
with standard permanganate V.S. as in the Mohr method. 


Na,S,O, + 6Al + 20HCl=4H,S + 2NaCl-+ 6AICI, + 6H,O. 
H,S + 2l=2HI-+S. 


Sulphide, when present, is removed by addition of cadmium car- 
bonate. 


29. DETERMINATION OF HypROGEN SULPHIDE AND THE 
SOLUBLE SULPHIDES. 


Hydrogen sulphide is decomposed by iodine with production of 
HI and separation of sulphur. 

Volumetric solution employed: X iodine. 

Indicator: Starch solution. 

Into an excess of sodium bicarbonate (about 20 Cc. of the cold, 
saturated solution) contained in a half-liter flask, measure a suitable 
volume of the sample of the hydrogen sulphide solution or that of a 
sulphide containing about 0.2 Gm., close the flask and mix the con- 
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tents well. Dilute with 300 to 4oo Cc. of water, add 2 Cc. of starch: 
solution and titrate with the NX iodine V.S. to the production of a 
distinct and permanent blue color. For calculation, the average 
of at least two closely agreeing titrations should be used. The 
factor for H,S with X iodine V.S. is 0.0017045 Gm. and is derived 
from the equation: 


HS) Sos al = Sock e BHI. 


34.09 2X 126.92 


Of iodine, 126.92 parts react with 34.09 parts of hydrogen sul- 
phide, and as 1 Lt. of NX iodine containing 12.692 Gm., corresponds 
to 41,7045 Gm.0f H,5, 

1 Ce. of the V.S. is the equivalent of 0.0017045 Gm. of hydrogen 
sulphide. 

Observations.—Though the results of this titration are not affected 
by the presence of the separated sulphur, the end-point is made 
sharper if the liquid is largely diluted. When much sulphur sepa- 
rates in a concentrated solution it is apt to hold iodine. By shaking 
with carbon disulphide the separated sulphur may be effectively 
removed. The titration of H,S is often made residual, the sample 
being added to an excess of standard iodine V.S., mixed with 
NaHCO, solution, and, after thorough mixing, the excess of iodine 
titrated with standard thiosulphate V.S. In the presence of sub- 
stances which react with iodine, H,S is distilled into an excess of 
standard iodine V.S. 

Insoluble sulphides may be converted into soluble salts by boiling 
with NaOH and saturating the solution, after filtration, with CO,, 
and titrating. 

Sulphides, decomposable by dilute acids, are heated with 10 per 
cent. HCl in a flask, connected with another flask, or any other 
form of absorption vessel containing an excess of standard iodine, 
carefully measured. The H,S set free by the acid is distilled into 
the iodine and, after the gas in the apparatus has been carried over 
by a current of CO,, the unconsumed iodine is titrated with standard 
thiosulphate V.S. To prevent loss of the standard iodine the 
absorption vessel containing it should be kept cool and a guard 
tube containing KI solution, or a standard thiosulphate V.S., at- 
tached to it to prevent loss of iodine. For titration, the contents 
of the two vessels are combined, and if the thiosulphate should 
decolorize the iodine, titration is completed with N iodine V.S. 

For small quantities of H,S (in mineral water) =N, iodine should 
be employed and 1000 Cc. of the sample shaken with a measured 
volume of it in a glass-stoppered cylinder, the excess of iodine being 
then titrated with ,%, sodium thiosulphate V.S. However, such 
small quantities of H,S are best determined colorimetrically. 


30. DETERMINATION OF ARSENOUS COMPOUNDS. 


“Arsenous” compounds are oxidized to “arsenic” by iodine. 
The reaction is reversible so that the titration must be carried out 


in the presence of a suitable neutralizing agent for HI to prevent 
it reacting. 
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Volumetric solution employed: N iodine. 

Indicator: Starch solution. 

(a) In Arsenic Trioxide, Arsenous Iodide and the Arsenites— 
Take for each titration fromo.r too. 25 Gm. of the sample and, having 
weighed accurately, dissolve it in 25 Cc. of water. To dissolve the 
oxide, add NaOH solution and warm, cool the resulting solution 
and subsequently saturate with CO,. When the solution is acid, 
neutralize, add 1 Gm. of NaHCO, and, if colorless, titrate without 
the indicator, proceeding as given for the titration of a thiosulphate. 
A distinct, permanent yellow “color should be imparted by one drop of 
the V.S., finally added, to the titrated liquid. When the solution of 
the sample is colored, add 1 Cc. of the starch solution and titrate 
carefully, mixing well, until one drop of the V.S. finally produces a 
distinct, permanent blue color. Carry out a check titration and, 
from the results obtained, calculate the percentage of the arsenous 
compound in the sample. To represent the reaction the following 
equation will serve as a typical example: 


Pe Ogee eH Oi: sal (as Ns Onn, Cen ris 


198 4X 126.92 


As represented, 126.92 parts of iodine react with oa = A0.O% 
parts of As,QO,. 

1 Lt. of X iodine contains 12.692 Gm., and corresponds to 4.95 
Ginedl-As,©): 

1 Cc. of the V.S. is, therefore, the equivalent of 0.00495 Gm. of 
arsenic trioxide. 

The secondary reaction: 


Phere On=INalee o, Oe. COs 


is not considered in the calculations. 

(b) In Solution of Potassium Arsenite, Arsenous Acid, etc.— 
Transfer to a weighing ‘bottle 10 to 20 Cc. of the sample, weigh 
accurately, dilute to 25 or 30 Cc. with water, neutralize ifeneed be, 
add 1 Gm. of NaHCO, and titrate with the N qo thiosulphate V.S., 
as above, using I Cc. of a cold starch solution for colored solutions. 

Observations.—If it should be desired to use starch solution as 
indicator in titration of colorless samples, the end-point is best indi- 
cated when only a pink color is produced by the final drop of the 
V.S. For very accurate titrations standard tints, prepared by mixing 
solutions of certain colored salts, such as ferric chloride, cobalt 
nitrate and copper sulphate, have been recommended by Washburn. 
Three such tints may be made. The lightest one is prepared by 
mixing these solutions in such proportions as to eprain a color 
that will exactly match the tint which one drop of qNx iodine pro- 
duces with a given quantity of water and 1 Cc. of starch solution. 
The second, deeper tint, is made to correspond to 2 drops of the 


17, A. Chem. Soc., 1908, 1, 31-46. 
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wN, iodine; the third, to 3 drops. To be accurate, the titration is 
completed with ,;N, iodine and the end-point made to match one 
of the prepared tints, or, the standard tints are used to approximate, 
by comparison, the quantity of the ;4, V.S. added in excess. Since 
the volume of ,N, iodine required to produce any one of these tints 
is known, any intermediate tint is readily approximated and the 
necessary correction made. 

Sodium phosphate, Na,HPO, may be used in place of the bicar- 
bonate to fix the HI. The proportion of sodium phosphate recom- 
mended is 0.11 Gm. of Na,HPO,-12H,O, for 1 Cc. of XX iodine 
consumed. There being a loss of CO, in this titration, a current of 
the gas should be passed through the solution, or few drops of 
diluted acid added. 


31. DETERMINATION OF ANTIMONY AND POTASSIUM TARTRATE. 


Antimonous compounds are oxidized to antimonic by iodine. The 
reaction being a reversible one the HI produced must be neutralized 
as soon as formed. 

Volumetric solution employed: §, iodine. 

Indicator: Starch solution. 

From 0.4 to 0.5 Gm. of the sample will be a suitable quantity for 
one titration. Weigh accurately, dissolve in 20 Ce. of water, heating 
if need be, cool, add 20 Cc. of a cold saturated solution of NaHCO,, 
t Cc. of starch solution, mix, and at once titrate with the X, iodine 
V.S. Add the V.S. rather rapidly, mixing the titrated liquid well 
and continue the addition without unnecessary interruption until 
one drop produces a permanent blue color. From the average of 
two or more agreeing results calculate the percentage of the tartar 
emetic, or Sb, in the sample. The factor for calculation of the 
percentage of antimony and potassium tartrate with NX V.S. is 
0.01668 Gm. and is derived from the equation: 


ZR SDOGIH, OHO ees 2HLOse ce eal 
664.7 4X126.92 
— sHI + 2KHCH,O, +. 2SbHO,. 


126.92 parts of iodine react with 


P47 — 16.618 Gm: of KSbOC,H,O;, 


and, since, 1 Lt. of §, iodine contains 12.692 Gm., and corresponds 
fos16.618. Gm. KSbO CLE, @,, 
1 Cc. of the V.S. is, therefore, the equivalent of 0.016618 Gm. 


of antimony and potassium tartrate or of 0.00601 Gm. of antimony. 
To calculate: 


Ce. of V.S. cons. X 0.016618 & I00 


Weight of sample 


= per cent. antim. and pot. tar. 
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The secondary reaction: 
HI + NaHCO, = NaI + CO, + H,0O, 


is not considered in the calculation. 

Observations.—Titration with standard iodine must be rapid, in 
order that antimonous hydroxide should not precipitate, the sepa- 
rated compound not being readily acted on by iodine. The end- 
point in this titration is not very sharp, a gradation of tints appear- 
ing before the desired blue is produced. To obtain accurate results 
the iodine V.S. should be standardized with a standard antimony 
and potassium tartrate solution and the titration in determinations 
carried out in the same manner and to the same shade of color 
of the end-reaction as in the standardization. 


32. ANTIMONY IN OTHER ANTIMONOUS COMPOUNDS. 


The oxide or oxychloride, when free from antimonic compounds, 
is dissolved in HCl, the free acid nearly neutralized with NaOH, 
I to 2 Gm. of sodium and potassium tartrate added, then an ex- 
cess of NaHCO, (about 3 Gm.), and the solution titrated as 
in 31. When antimonic compounds or other oxidizable substances 
are present, antimony is separated as Sb,S, by a current of H,S 
passed into the acidified solution, the precipitate is washed, dried, 
dissolved in HCl, the solution heated to remove H,S, any separated 
S filtered off, the acid neutralized, NaHCO, added and the liquid 
titrated with standard iodine V.S. Instead of dissolving in HCl 
the sulphide may be dissolved in K,S, the solution evaporated with 
KHSO,-+ H,SO,, the residue taken up with HCl, neutralized and 
titrated. Antimony in alloys is usually separated as the sulphide by 
ammonium sulphide and the sulphide treated as above. Tartaric 
acid or the soluble tartrates are used to keep the oxide or oxychlo- 
ride in solution; salts which they fail to keep in solution are evapo- 
rated with KHSO,+ H,SO, + tartaric acid to dryness, the residue 
taken up with HCl and, after neutralization, titrated. 


33. DETERMINATION OF REDUCED IRON. 


The reduced iron is dissolved in excess of strong solution of iodine 
and the unconsumed iodine titrated with standard thiosulphate V-S. 

Volumetric solution required: X thiosulphate. 

To carry out the determination, weigh accurately into a 100-Cc. 
flask about 2 Gm. of iodine, the purity of which is to be determined 
by titration of another portion, add 5 Cc. of water, then 2 Gm. of 
KI, free from iodate, and introduce from 0.3 to 0.4 Gm. of the 
sample, also carefully weighed. Close the flask with a stopper, 
mix the contents well, shaking at intervals during 1 hour. When 
all iodine is dissolved, dilute to a convenient, but definite volume, 
and titrate in aliquot portions with the X thiosulphate, adding the 
V.S. so that one drop of it will discharge the final yellow color of 
iodine in the titrated liquid. From the volume of N thiosulphate 
V.S. required to react with the iodine consumed by the iron, or 
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from the quantity of iodine so consumed, calculate the percentage 
of Fe in the sample. The reactions on which the calculation is 
based are represented: 


Ke p-o87 lots Bele. 
55.85 2X 126.92 
2I + 2Na,S,0,-5H,O = 2Nal + Na,5,0, + 10H,O. 


55-85 parts of iron oa 2120) g2 parts of iodine, and the 
equivalent of 1 Cc. of #} thiosulphate V.S. is 0.012692 Gm. of iodine. 

Having found, by titration of another portion, the quantity of 
absolute iodine present in the portion of the iodine used for the 
sample, and subtracting from it the quantity which corresponds to 
N thiosulphate V.S. consumed by the excess, employ the difference, 
representing iodine consumed by the iron in the sample, for calcula- 
tion of percentage. The proportion becomes: 


(2X 120.92) 253.84::55.85: 01 consumed by Fe: x. 


BS: 85 x I consumed by Fe X 100 
253.84 X Weight of sample 


=per cent. of Fe in sample. 


34. DETERMINATION OF TIN. 


Like the antimonous compounds, stannous salts (SnCl,) are titra- 
ted with standard iodine in the presence of a tartrate and bicar- 
bonate. The tin salt is dissolved in water and dilute HCl, the metal 
in HCl in an atmosphere of CO,. Of the metal o.1 Gm. will be found 
a sufficient quantity, while 0.3 Gm. of the salt may be used. One 
(1) gramme of tartaric acid is added, the solution made alkaline 
with NaOH, CO, passed in to saturation, some NaHCO, (1 to 2 
Gm.) added and the liquid titrated with X iodine, using starch solu- 
tion as indicator. 

t Ce. of XX iodine corresponds to 0.00595 Gm. of Sn. 

For more exact results the iodine V.S. should be standardized 
with pure tin, the method of solution and titration employed in the 
determination being closely followed. 


C. Titrations with Standard Sodium Thiosulphate V.S. 
(Iodometric Methods). 


By direct titration only uncombined iodine, seldom chlorine or 
bromine, may be determined, but many substances may be deter- 
mined by titration of the iodine which they liberate from soluble 
iodides. Since the iodine set free by the substances determined, 
constitutes an equivalent amount, the volume of standard thiosul- 
phate V.S. required for its combination serves as a measure of the 
quantity of the iodine-liberating substance present. These sub- 
stances are thus determined indirectly. The direct and indirect 
titrations may be simple or residual. In the residual titrations 
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two V.S. are used, the excess of one being titrated with the other. 
In these methods the end- -point is sharper and more easily observed 
if the titration is completed with standard iodine V.S. 


1. Direct Titrations. 
35. ieee oF IODINE. 


Volumetric solution employed: X thiosulphate. 

(a) In Solution of Iodine or a Sample of Iodine-—Of the solu- 
tion employ for each titration from 5 to 10 Cc., of the sample of 
iodine 0.2 to 0.4 Gm., weighing accurately, each in a tared glass- 
stoppered weighing bottle. Dissolve the iodine in a strong solution 
of pure potassium iodide. In either case dilute to 25 Cc. with water, 
and titrate with the X thiosulphate V.S. Add the V.S. in small por- 
tions, mixing well after each addition, and when the brown color of 
the titrated liquid changes to yellow, reduce the flow to drops and 
continue to add drop at a time until one drop of the V.S. is found 
to discharge the final, light yellow color. Confirm the result obtained 
by a check titration and, from the volume of the V.S. consumed, 
calculate the percentage of iodine in the sample. The factor for 
iodine with N V.S. is 0.012692 Gm. and is obtained from the 
following equation: 


ZL 2NasosO, 51,0) == 2Nal => -Na.s,0, + 10H 70: 
2X 126.92 2X 248.24 


It is seen that 248.24 parts of the thiosulphate react with 126.92 
parts of iodine. 

1 Lt. of NX thiosulphate contains 24.824 Gm., and corresponds to 
12.692 Gm. iodine. 

1 Cc. of the V.S. is, therefore, the equivalent of 0.012692 Gm. 
of iodine. 

To calculate percentage : 


Cc. of V.S. consumed X 0.012692 & I00 
Weight of sample 


= per cent. iodine. 


(b) In Tincture of [odine.—Measure from an all-glass burette 
or by means of a pipette, 5 Cc. of the sample, into a hixation flask, 
dilute with water to 25 or 30 Cc., and titrate with the N. thiosulphate 
V.S. as given for the solution ‘of iodine. The factor is here of 
course the same as there, but the results are not calculated as per- 
centage, the iodine found being expressed in Gm. per 100 Ce. 

Illustration —A tincture of iodine, titrated in 5 Cc. portions, 
required as an average of three titrations, 27.75 Cc. of X thiosul- 
phate V.S.; to calculate the quantity of iodine in 100 Cc. of the 
tincture. 


27.75 X 0.012692 = 0.35220 Gm. of iodine in 5 Cc. 
Cr Ora 2207; 100mg 
__ 0.35220 X 100 
ve 5 


== 7044 
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The tincture is found to contain 7.04 Gm. of iodine in 100 Cc. 

Observations.—In measuring iodine solutions with a pipette, suffi- 
cient time should be allowed for draining. When a tincture of 
iodine contains no iodide (the old U.S.P. kind) some potassium 
iodide must be added to it before dilution with water is made, to 
prevent precipitation of the iodine. Occasionally a solution or tinc- 
ture of iodine can not be completely decolorized by the standard 
thiosulphate. Such solutions should be largely diluted and titra- 
tion performed with the aid of starch solution, which is added to the 
titrated liquid when the end-point is approached, that is, when the 
solution titrated shows only a weak, yet distinct, iodine color. The 
V.S. must then be added in one or two drop portions at successively 
longer intervals, the blue mixture being well shaken after each addi- 
tion. The blue color should be finally discharged by one drop of 
the N thiosulphate V.S. 

Iodine containing Cl as ICI gives high results for iodine on account 
of the reaction: ICl1+KI=KCI+1,. Of a sample of iodine 
dried over CaCl,, 0.4 Gm. should not consume more than 31.2 Ce. 
XN thiosulphate V.S., corresponding to 99 per cent. of iodine. 


2. Indirect Titrations. 


36. DETERMINATION OF FREE CHLORINE OR BROMINE 
(in SOLUTION). 


Chlorine or bromine liberate an equivalent quantity of iodine 
from soluble iodides; the iodine set free is titrated with standard 
thiosulphate. 

Volumetric solution employed: X sodium thiosulphate. 

To a measured volume of the solution of the sample add a solu- 
tion of KI, free from iodate, and titrate with the  thiosulphate 
V.S. The end-reaction is indicated when one drop of the V.S. 
is found to have discharged the final yellow color of the titrated 
liquid. When other iodine-liberating substances are present, dis- 
tillation of the bromine or chlorine into solution of KI will have to 
be made, and the iodine in the receiver titrated as before. The 
quantity of KI required should be sufficiently large to react with 
all the halogen and hold the liberated iodine in solution. The factors 
for these elements are readily derived from the equations: 


il. Cieeesk Db a= Cle Gers 
35.46 126.92 
PA. (Bre Sen SS Brees Dp. 
79.92 126.92 
ee 2I_-+ 2Na,S,0,.5H,O = 2Nal + Na,S,O, -+- 10H,O. 
2 X 126.92 2X 248.24 


Since each element liberates an equivalent of iodine, the factor 
for each, with §, thiosulphate, is readily obtained. 
35-46 parts of chlorine or 79.92 parts of bromine liberate 126.92 
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parts of iodine which, in return, require 248.24 parts of sodium 
thiosulphate for reaction. 

1 Lt. of X thiosulphate contains 24.824 Gm., and corresponds to 
3.540 Gm. chlorine, or to 7.992 Gm. bromine. 

I Ce. is the equivalent of 0.003546 Gm. chlorine, also of 0.007992 
Gm. bromine. 


37. DETERMINATION OF AVAILABLE CHLORINE. 


(a) In Solution of Chlorinated Soda or Chlorinated Potassa. 
Carefully weigh a suitable quantity of the sample (5 Gm.), dilute 
with water to 50 Cc., add 2 Gm. of KI, 5 Cc. of concentrated HCl, 
mix well and titrate with the X, thiosulphate V.S. Add the V.S. in 
small portions first, then drop by drop, until the final yellow color 
of the titrated liquid is discharged by a single drop of the VS. 
From the average of two or more agreeing titrations calculate the 
percentage of available chlorine in the sample. The factor found 
is for free chlorine as may be seen from the equations: 


Na,OCl, + 2KI + 2HCl= aI + 2NaCl + 2KCl + H,O. 
2 X 35.46(C1) 2X 126.92 
21 + 2Na,S,0,-5H,O = 2Nal + Na,S,O, + 5H,0. 
2 X 248.24 
Seeing that 35.46 parts of available chlorine liberate 126.92 parts 
of iodine and these react with 248.24 parts of sodium thiosulphate, 
and that 1 Lt. X thiosulphate contains 24.824 Gm., and corresponds 
to 3.546 Gm. of chlorine, 
1 Cc: of the V.S. is, therefore, the equivalent of 0.003546 Gm. 
of available chlorine. 
Illustration—Several 5 Gm. portions of chlorinated soda required 
an average of 36.2 Cc. of § thiosulphate for titration of the iodine 
liberated, to find the percentage of available chlorine in the sample. 


36.2 X 0.003546 X 100 
5 


The sample is found to contain 2.567 per cent. of available chlorine. 

(b) In Chlorinated Lime (Bleaching Powder)—Employ about 
0.5 Gm. of the sample for each titration. Weigh accurately in a 
glass-stoppered weighing bottle, triturate with 10 Cc. of water, dilute 
the mixture to 100 Cc., then add 1 Gm. of KI, 5 Cc. of 10 per cent. 
HCl, and titrate with the X thiosulphate V.S. When one drop of 
the V.S. is found to have discharged the final yellow color of the 
titrated liquid, the reaction is completed. From the results of two 
or more agreeing titrations the percentage of available chlorine is 
calculated just as in the case of the solutions of hypochlorites. The 
factor is 0.003546 Gm. available chlorine. The reaction is rep- 
resented: 


CaOCl, + 2KI + 2HCl= al + CaCl, + 2KCI + H,O. 
2I + 2Na,S,O0, = etc. 


== 5076 
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Observation.—The available chlorine becomes free by the action 
of the acid on the hypochlorite and in turn liberates an equivalent 
quantity of iodine from the iodide present. In order to keep the 
liberated iodine dissolved, the quantity of the iodide added must 
be in excess of that required to furnish the iodine. The quantity 
of iodine set free by the chlorine and titrated with the thiosulphate 
is not calculated unless specially desired, its equivalent of chlorine 
being at once found from the consumed thiosulphate. Colored solu- 
‘tions require the use of starch solution as indicator. The indicator 
should be added only towards the end of the titration, the approach 
of which is indicated by the change of the brown to a light yellow 
color, provided this can be seen in colored liquids. 

Notes.—In the presence of a chlorate, which would liberate iodine 
from HI(KI+ HCl) the available chlorine is determined by resi- 
dual titration with standard arsenous acid V.S.; the standard As,O, 
solution is added in excess and the excess titrated with X iodine V.S. | 

When, in addition to the chlorate, a chlorite is present, the titra- 
tion is made in two parts as follows: A suitable quantity of the 
sample is dissolved, the solution diluted to 200 or 300 Cc., standard 
arsenous acid V.S. is added in excess, and the excess titrated with 
N iodine. The As,O, consumed corresponds to the hypochlorite. 
To another portion, the exact volume of arsenous acid V.S. required 
(as found in previous titration), is added, the mixture diluted to 
250 Cc., heated to 95° C., acidified with few drops of sulphuric acid 
and titrated with standard solution of indigo, which is added rapidly 
until a persistent greenish color is produced. The volume of indigo 
solution used (the solution should contain 6 Gm. per liter and be 
standardized with a solution of a chlorite, the strength of which is 
established by standard iodine V.S.), corresponds to the chlorite. A 
blank titration for correction of the indigo solution should be made. 


38. HypocHLorous AciD IN PRESENCE OF FREE CHLORINE. 


A measured volume of % HCl is added to liberate the available 
chlorine in the presence of KI. After the total chlorine, free and 
available, has been found by titration with X thiosulphate, the clear 
solution is titrated with §} alkali, using methyl orange. From the 
results of the two titrations the hypochlorite and free chlorine pres- 
ent in the sample are calculated. 


HOC. -b 2kl == of KG On 
52.47 


Cly++ 2KI ==2K Cl 21: 


One molecule of hypochlorous acid liberates 2 atoms of iodine, 
one KOH being also produced. The quantity of HOCI is, there- 
fore, readily found from the volume of X acid neutralized by the 
KOH. Since HOCI corresponds to HCl, 

1 Cc. of §, HCl corresponds to 0.005247 Gm. of HOCL. 

If, now, twice the volume of X HCl neutralized by the HOCI be 
subtracted from the total X thiosulphate consumed, the difference 
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will constitute that volume of N. V.S. which corresponds to the free 
chlorine. 
1 Ce. of X thiosulphate corresponds to 0.003546 Gm. of chlorine. 


39. DETERMINATION OF FERRIC SALTS. 


(a) The Inorganic Salts—Soluble ferric salts liberate iodine 
from soluble iodides. The volume of standard thiosulphate, which 
the liberated iodine requires for titration, serves to measure the 
quantity of the ferric salt present. It is essential that all other 
iodine-liberating substances be absent. 

Volumetric solution employed: §, thiosulphate. 

Indicator: Starch solution. 

For one titration 0.5 to 1.0 Gm. of the salt or 1 to 2 Gm. of a 
strong solution will be found a suitable quantity. Weigh the sample 
accurately, transfer to a 100-Cc. glass-stoppered bottle (if a solid, 
dissolve in 10 Cc. of water), and add in order: 10 Cc. of water, 5 
Ce. concentrated HCl, 2 Gm. KI (free from iodate) ; close the bottle 
and warm at 40° C. during one half hour. Cool to room tempera- 
ture and, having washed any iodine that may have been found ad- 
hering to the neck and stopper, into the bottle, titrate with the X 
thiosulphate V.S.  Titrate slowly, with frequent agitations of the 
titrated liquid, to the point when the iodine is nearly but not entirely 
combined, this being indicated by a change of the brown to a yellow 
color. Add 1 Cc. of starch solution and complete the titration with 
the V.S. added in suecessively smaller portions, that are finally 
reduced to drops added at longer intervals, shaking the mixture 
well after each addition. Finally, one drop of the V.S. should be 
found to discharge the blue color of the titrated liquid. Carry 
out a check titration and from the results obtained calculate the © 
percentage of the particular ferric salt present in the sample. 

The amount of a ferric salt present is usually expressed in terms 
of metallic iron, for which the factor, with NX V.S., is 0.005585 
Gm., derived as follows: 


Fe,(SO,), 4+ (2K. =-. 2HC) 
344.01 
== 2FeSO), -=  HeSO, > = 2K Cl Se ak 
2X 126.92 
2le-t2Na,5,0,-.5H.0 == “etc 


2 X 248.24 


344.01 parts of ferric sulphate containing 2 X 55.85 parts of Fe 
liberate 2 X 126.92 parts of iodine which require 2 & 248.24 parts 
of sodium thiosulphate for combination. The relation of these 


equivalents then is: 


Sate" Fe, (S04) 3 = 55-85 Fe= 120.02) T==248.24" Na,5,0,:5H,0: 
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1 Lt. X thiosulphate contains 24.824 Gm., and corresponds to 
5.585 Gm. of Fe, so that 

1 Cc. of the V.S,. is the equivalent of 0.005585 Gm. of metallic 
iron. 

To calculate: 


Ce. of V.S. cons. X 0.005585 XX 100 
Weight of sample 


= per cent. of Fe in sample. 


(b) The Organic Salts (Scale Salts).—Certain of the organic 
salts of iron, especially the citrate, do not readily dissolve in water, 
but dissolve on warming with a little ammonium hydroxide solution. 
Such solutions must be neutralized with HCl before the other 
reagents are added. These salts often contain small quantities of 
a ferrous salt due to a reduction during evaporation of their 
solutions for scaling; unless this is restored, low results will be 
obtained. To restore the Fe in the reduced portion to the ferric 
state, the solution of the sample is acidified with 5 to 10 Cc. of 
Io per cent. sulphuric acid and a weak (1 per cent.) solution of 
potassium permanganate added until a permanent pink color is 
produced. The excess of permanganate is removed by a drop of 
oxalic acid solution and the titration of the ferric salt proceeded 
with as above. 

Observations.—The function of HCl in these titrations is ex- 
pressed in the equation: 


KI+ HCl= HI+KC; 


the HI being more readily decomposed by ferric compounds. Potas- 
sium iodide must be present in excess of the quantity required to 
furnish the iodine to be liberated, in order that this may remain 
dissolved. The possibility of the reverse reaction: 


2FeCl, + 21 +2HCl= Fe,Cl, + 2HI 


has been pointed out by Carcano and Namias (Bull. Chim. and 
Farm., 43, 54), who state that exact results can be obtained only 
under the following conditions: Use more of HCl and KI, dilute 
the solution to contain 1 to 2 per cent. of Fe and titrate in the pres- 
ence of 5 to 10 Ce. of chloroform, with starch solution as indicator. 

Alkaloids reacting with iodine interfere with the titration of ferric 
salts when present in the sample; their removal is, therefore, neces- 
sary. If the sample is to be assayed for both the alkaloid and the 
iron contents, the solution is transferred to a separator, made alka- 
line with ammonium hydroxide and the alkaloid removed by shaking 
out with chloroform. The chloroformic solution gives the alkaloid 
on evaporation, while the aqueous solution, after it is neutralized, 
is used for titration of the ferric salt. Should the quantity of Fe 
present only be sought, the alkaloid may be removed by precipi- 
tation with an excess of ammonium hydroxide; it is then filtered 
off and the filtrate employed for titration of the iron. 
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Note.—Ferrous compounds must be oxidized to ferric to be avail- 
able for treatment. This may be brought about by permanganate 
as given in the case of the partly reduced organic salts, or by heating 
with an excess of HNO,, nitro-HCl, or KCIO, + HC. 

In any case the unconsumed oxidizing agent, which is used in 
excess, must be removed. When HNO, has been used for oxida- 
tion, the solution must be evaporated with HCl to near dryness, to 
remove HNO,, the residue taken up with water, free acid neutral- 
ized with NaHCO,, and the solution treated as directed for ferric 
salts. When iodine-liberating substances are present in ferric 
chloride, the Fe may be precipitated from the solution, with NH,OH, 
the precipitate filtered, washed, dissolved in HCl, and titrated. 


40. DETERMINATION OF COPPER. 


Copper sulphate liberates iodine from soluble iodides, the iodine is 
titrated with standard thiosulphate. 

Volumetric solution employed: X thiosulphate. 

Indicator: Starch solution. 

From 0.2 to 0.3 Gm. of the sample of copper salt will be a suitable 
quantity for a titration. Weigh accurately, dissolve in 10 Cc. of 
water in a glass-stoppered bottle, add 10 Cc. of 10 per cent. KI 
solution and, closing the bottle, shake well until decomposition is 
completed. Dilute the mixture with an equal volume of water and 
run in the X thiosulphate until the brown color of the titrated 
liquid is changed to yellow; then add 1 Cc. of starch solution and 
complete the titration, adding the V.S. in drop portions and mixing 
well, so that one drop should finally discharge the blue color. For 
the calculation of the percentage of Cu, another titration should be 
made to check the first. The factor for copper with X V.S. is 
0.006357 Gm. and is derived from the following equations: 


Bet oO pee wd la Cin Eek SOM ae ele 
2 X 63.57(Cu) 2 X 126.92 
2) 2Nab oO, ==), etc: 
2X 248.24 


which show that 63.57 parts of Cu (as CuSO,) react with 126.92 
parts of I which, in turn, consume 248.24 parts of sodium thiosul- 
phate. Since 1 Lt. of X thiosulphate contains 24.824 Gm., and cor- 
responds to 6.357 Gm. of copper, 

1 Cc. must correspond to 0.006357 Gm. of metallic copper. 

Observations —The solution of the sample must be neutral or 
only weakly acid. Nitrates and other iodine-liberating substances, 
as well as interfering metals (Pb, Bi, Fe, As, Sb, etc.), must be 
absent. When nitrate of copper which is usually had in separations 
of copper from other metals is to be treated, the nitrate ions (NO,) 
will be made harmless if combined with an alkali metal, and the 
inorganic acids are excluded. This is accomplished, according to 
Low, by adding ammonium hydroxide to the copper nitrate solu- 
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tion until a clear blue solution results, heating to 100° C., boiling a 
minute and acidifying strongly with acetic acid. The acid solution 
is diluted with water, KI added and titration carried out as above. 

Note.—To obtain reliable results with this method the X thio- 
sulphate V.S. should be standardized by titration with a standard 
solution of CuSO, prepared by dissolving pure metallic copper 
(electrolytic) in nitric acid and titrating the solution with that of 
sodium thiosulphate as in the determination. Usually 0.1 to 0.2 
Gm. of the metal are dissolved in a sufficient quantity of HNO,, 
the solution evaporated to 3 Cc., the residue taken up with water, 
ammonium hydroxide added, the liquid boiled, acidified with acetic 
acid and titrated. The value of 1 Cc. of the thiosulphate V-S., 
in terms of Cu is then readily found and used as the factor in 
calculation of its percentage present. 


41. D&TERMINATION OF Mercury IN MeRcuric Sats (E. Rupp).? 


Mercury is precipitated by formaldehyde, dissolved in an excess 
of standard iodine solution, the excess of which is ascertained by 
titration with standard thiosulphate V.S. 

Volumetric solution employed: X thiosulphate and X. iodine. 

Indicator: Starch solution. 

Weigh about 0.2 Gm. of the mercuric salt accurately, dissolve in 
20 Cc. of water with enough KI (1 to 2 Gm.) added to obtain 
a clear solution. Make the solution alkaline with NaOH (5 Cc. 
of a 10 per cent. solution), add 2 to 3 Cc. of 40 per cent. formalde- 
hyde solution, dilute with 10 Cc. of water and shake, warming on 
water-bath, if necessary, until complete reduction has taken place 
(about 5 minutes). Acidify with acetic acid, add an excess (30 
Cc.) of N iodine and mix well until the mercury is all dissolved. 
Add 10 Ce. of acetic acid, 2 Cc. of starch solution and titrate with 
the XN thiosulphate added slowly, with vigorous agitation of the 
titrated liquid, until the blue color is just discharged. Check this 
by another titration and, from the results, calculate the percentage 
of Hg in the sample. Calculation is based on the volume of 
iodine consumed by the mercury, and the factor required is found 
from the equation: 


Hg + aI = Eiols 


200 2X 126.92 


Since 126.92 parts of iodine react with 1oo parts of mercury, and 
t Lt. of §, iodine containing 12.692 Gm., corresponds to 10 Gm. of 
Hg, then 

1 Ce. of N iodine corresponds to 0.0100 Gm. of metallic mercury, 
also to 0.013546 Gm. of mercuric chloride, or to 0.012604 Gm. of 
mercuric cyanide. 

Observations.—Concentration of the reagents and the time of reac- 
tion should not be greatly increased since HI, which would be 
formed, would react with the formaldehyde. Ammoniated mercury 
must be dissolved in KI solution. 


* Arch. der Pharm., 1905, 300. 
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J. A. Mueller gives this method with the following modifications : 
After adding formaldehyde the mixture is allowed to stand 24 
hours, the liquid decanted, mercury washed with alcohol by decanta- 
tion, air is blown through the flask to remove any HCOH, stand- 
ard iodine V.S. is added in excess and when Hg has all dissolved 
the uncombined iodine titrated with standard thiosulphate V.S. 
Mercurous compounds, to be assayed by this method, must be 
changed to mercuric, their oxidation being effected with nitro- 
hydrochloric acid or with KCIO,-+ HCl, the excess of oxidizing 
agent being carefully removed. Insoluble Hg compounds, ores, 
sulphide, etc., are digested with aqua regia, evaporated to dryness, 
KI added and the solution treated as above. 


42. DETERMINATION OF MAGNESIUM (MEADE).! 


Magnesium ammonium arsenate liberates iodine from soluble 
iodides in acid solutions; the iodine set free is titrated with standard 
thiosulphate. 

Volumetric solution employed: XX, thiosulphate. 

A small quantity of the sample is carefully weighed, dissolved to 
make a saturated solution, or, if a solution (sample of water) be 
had, 500 Cc. are evaporated, acidified with HCl, to a small volume, 
one third the volume of 10 per cent. ammonium hydroxide, then 25 
Cc. of a 10 per cent. solution of sodium arsenate are added, and 
the mixture well shaken during 2 minutes. Filter, wash the pre- 
cipitate with 2.5 per cent. ammonium hydroxide until free from 
arsenic, dissolve it in 50 Cc. of dilute sulphuric acid (1-4) returning 
the solution to the precipitation flask and washing filter with hot 
water. Dilute the solution to 100 Cc. with water, add 10 Cc. sul- 
phuric acid (1 to 1) 3.5 Gm. of KI and, after 5 minutes, titrate the 
liberated iodine with the NX thiosulphate. One drop of the V.S. 
should be found to discharge the final yellow color. From the vol- 
ume of XN thiosulphate V.S. consumed the percentage of Mg in the 
sample is calculated. 


2MgNH,AsO, + 4KI + 5H,SO, 
2 X 24.32(Mg) 
— 2MgSO, + 2K,SO, + As,O, + (NH,),SO, + 4I. 
4X 126.92 


21 2Na 5.0, 5b O* == ete. 
2X 248.24 


1 Cc. of X thiosulphate V.S. is the equivalent of 0.001216 Gm. 
of magnesium, also of 0.002016 Gm. of MgO. 

Note.—The determination is also carried out (Rosenthaler) by 
precipitating the magnesium in a portion of the sample with an 
excess of standard potassium arsenate, proceeding as above, making 
the mixture up to a definite volume with water and determining 
the excess of the potassium arsenate in the filtrate by titration. 
For this a rather large portion of the filtrate (2) is evaporated to 

* Modified by Frankforter and Cohen, J. A. Chem. Soc., 1907, 20, 1464. 

II 
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dryness, taken up with the least quantity of water, transferred to a 
bottle provided with a well-fitting glass stopper, diluted HCl or 
H,SO, and KI added and, after standing 15 minutes, the liberated 
iodine is titrated with standard thiosulphate V.S. 


43. DETERMINATION OF FERROUS SALTS (RUPP AND Horn ).+ 


Ferrous compounds are oxidized to ferric by iodine in the pres- 
ence of an alkali, the unconsumed iodine is then titrated with 
standard thiosulphate V.S. 

Volumetric solutions employed: N, iodine and XX, thiosulphate. 

Indicator: Starch solution. 

Accurately weigh 0.3 to 0.5 Gm. of the sample, dissolve in water, 
keeping the solution protected against oxidation. Into a glass- 
stoppered bottle introduce 40 Cc. of §, iodine V.S., add the solution 
of the sample and then 5 per cent. solution of NaOH until the mix- 
ture is alkaline and let stand few minutes. Acidify strongly with 
glacial acetic or oxalic acid, let stand 5 minutes, dilute to 100 Cc. 
with water and titrate the unconsumed iodine with XN thiosulphate 
V.S., adding 1 Cc. of starch solution toward the end of the titration. 
One drop of the V.S. should discharge the blue color of the titrated 
liquid. From the volume of 4, iodine consumed in this, and a 
check titration, calculate the percentage of Fe present as ferrous 
salt in the sample. The following equations represent the changes 
that take place: 


FesO,. =) 2NaOH! == "Fe(OH. = NasOe 

55.85 (Fe) 

2NaOH + 21 = NaOlI + Nal + 4H,O. 
2X 126.92 


2Fe(OH), + NalO +.H,O =2Fe(OH), + Nal. 
2I + 2Na,S,0,;-5H,O —ete. 


126.92 parts of iodine are seen to correspond to 55.85 parts of Fe. 

1 Lt. of X iodine contains 12.692 Gm., and corresponds to 5.585 
Gm. of iron. 

1 Ce. of the V.S. is the equivalent of 0.005585 Gm. of metallic iron. 

Note.—Anacid must be added to liberate the iodine of the hypoio- 
dide which forms with the alkali. Inorganic acids can not be used 
because the HI produced by them from KI, contained in the stand- 
ard solution of iodine, would be decomposed and its iodine liberated 
by the ferric salt formed, the reaction being reversible. Chloride 
ions, if present, have no influence on the results, nor is the presence 
of manganese found to be objectionable. However, ammonium 
compounds, which react with hypoiodides, must be absent. 


44. DETERMINATION OF MERCURY IN MERCUROUS CHLORIDE. 


Mercurous chloride is oxidized by an excess of standard iodine 
and the excess titrated with standard thiosulphate V.S. 


* Archiv. der Pharm., 1906, 571. 
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Volumetric solutions employed: N iodine and N. thiosulphate. 
To a suitable, accurately weighed quantity of the sample an 
excess of N iodine V.S. is added, the mixture shaken until the 
mercury salt is dissolved and the uncombined iodine titrated. 
When the final yellow color of the titrated liquid is discharged by 
one drop of the V.S., the reaction is completed. The factor for 
Hg with N iodine is found from the equation: 
Hg,Cl, + al + 6KI = 2HglI,K, + 2KCl.: 
470.92 2X 126.92 


470.92 parts of Hg,Cl,— 400 of Hg, and react with 2 x 126.92 
parts of iodine, so that 235.46 parts = 126.92 parts. 

1 Lt. of N iodine contains 12.692 Gm., and corresponds to 23.546 
Gm- of He Cl,. 

t Cc. of the V.S. is the equivalent of 0.023546 Gm. of mercurous 
chloride, also 0.02 Gm. of metallic mercury, and 0.02709 Gm. of 
mercuric chloride reduced to mercurous. 

Mercuric chloride is reduced to mercurous chloride by hydrogen 
dioxide in the presence of HCl and tartaric acids. The acids are 
neutralized with 28 per cent. ammonium hydroxide, the solution 
acidified with tartaric acid, and 10 Cc. of the H,O, added. During 
the next 45 minutes 15 Cc. more of the peroxide are added in 5 
Ce. portions and, after standing on water-bath during 15 minutes, 
the mixture is filtered. The precipitate is washed, transferred to 
a flask, 10 Ce. of 10 per cent. KI added, then an excess of XX iodine, 
and the mixture shaken until the precipitate is dissolved. The 
uncombined iodine is then titrated. By this treatment mercury 
may be separated from As, Sb, Cd, Sn and Bi, but in the case of 
Bi 50 Cc. of H,O, should be added during 3 hours. 


45. DETERMINATION OF ANTIMONIC COMPOUNDS.! 


Recently prepared Sb,O, liberates iodine from a soluble iodide; 
the iodine is titrated, in acid solution, with standard thiosulphate V.S. 

Volumetric solution employed: XX thiosulphate. 

Indicator: Starch solution. 

The antimony sample is dissolved in nitro-HCl or HCl-+ Br, the 
excess being removed by evaporation. Ina suitable quantity of the 
solution, acidified with HCl, the metal is precipitated as sulphide by 
H,S, and, if necessary, separated from other metals by (NH,),S. 
The washed sulphide is dissolved in KOH (4) by gentle warming 
and the cooled solution decolorized with 3-5 per cent. H,O,. The 
treatment is repeated with more H,O, after the addition of 4 Gm. 
KOH for each 100 Cc. solution, and the liquid heated to boiling. 
When oxidation is completed, for each 100 Cc. of the liquid, 20 Cc. 
HCl (1.125) are added, then 1 to 1.5 Gm. pure KI introduced and, 
after 15 minutes, the solution titrated with § thiosulphate V.S., 
using a little starch solution as indicator. 


Sb,O, + 4HI = Sb,O, + 2H,O + 41. 
1Kolb & Formhals, Ztsch. anorg. Chem.. 1908, 58, 202. 
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1 Cc. X thiosulphate is the equivalent of 0.00601 Gm. Sb. 

The hydrochloric acid and water used in the operation should not 
contain oxygen. ‘Tartaric acid retards liberation of iodine. Titra- 
tion must be performed rapidly after the mixture has stood 15 
minutes. For more exact end-reaction the N thiosulphate may be 
added in excess and titrated with ,N, iodine. 


46. DETERMINATION OF CHLORATES, BROMATES AND IODATES. 


Also chromic acid, chromates, dichromates, peroxide of lead (see 
note) and freshly precipitated MnQ,. 

These compounds liberate iodine from soluble iodides in the 
presence of an acid; the liberated iodine is titrated with standard 
thiosulphate. 

Volumetric solution employed: X thiosulphate. 

Into a 100-Cc. glass-stoppered bottle introduce 0.2 to 0.3 Gm. of 
the sample, weighing accurately, add 1 Gm. of KI (free from 
iodate) and, having displaced the air in the bottle with CO,, add 5 
Cc. of strong HCl, at once close the bottle and tie the stopper down 
with twine. Let the reaction proceed at room temperature which 
will be found sufficiently high for the decomposition of bromates, 
iodates and chromates. For chlorates and the dioxides warming 
will be required. This is best effected by placing the bottle in a 
water-bath containing cold water and heating this gradually to 
60° C. When the reaction is completed (one half hour), dilute the 
contents of the bottle with distilled water to 70 Cc., and titrate at 
once with the N thiosulphate. Add the V.S. in small portions, 
mixing well, and reducing the flow to drops so that one drop should 
discharge the final yellow color of the titrated liquid. To find the 
factor for the particular compound treated, the reactions may be 
typically represented by the equations: 


KBrO, + 6HCl + 6KI = 61 + KBr + 6KCI + 3H,0O. 
167.02 6 X 126.92 
6l. + 6Na;S,0;-5H,O = ete: 
6 248.24 


167.02 parts of KBrO, liberate 6 & 126.92 parts of iodine, which 
require for reaction, 6 X 248.24 parts sodium thiosulphate; one 
thiosulphate, therefore, corresponds to one sixth of 167.02 of potas- 
sium bromate. 

1 Lt. of X thiosulphate contains 24.824 Gm., and corresponds to 
3 == 2.784, Gn, of KBr®,; 

1 Ce. of the V.S. is the equivalent of 0.002784 Gm. of potassium 
bromate. 

The equivalents for other bromates as well as for other com- 
pounds determined by this method of titration are similarly derived. 

To calculate: 


(Coes V.S. X 0.002784 X 100 
Weight of sample 


=per cent. of KBrO,. 
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Notes.—Reagents containing occluded oxygen give higher results ; 
the oxygen should be removed by boiling. For reduction, atmos- 
phere of CO, is the best suited. Weak solutions of HI are more 
permanent than strong solution, the nonionized HI alone being acted 
on by the oxygen of the air. For rapid reduction of chlorates, 
Luther and Rutter (Ztsch. anal. Chem., 1907, 46, 521) recommend 
addition of to Cc. of X solution of vanadyl sulphate (VoSO,), the 
reduction being then brought about, at moderately high temperature, 
in 15 minutes. For lead dioxide (PbO,), acetic acid, 50 per cent., 
is used and considerable quantity of a soluble acetate is added to 
prevent formation of sparingly soluble salts. 

Chromate and dichromates give, on reduction, green-colored chro- 
mium salts, the color of which interferes with the end-reaction. The 
titration of these compounds should be completed with starch, or 
what is to be preferred, chloroform, as indicator (see notes on 
standardization of thiosulphate with X dichromate, p. 102). 

Hydrogen dioxide, percarbonates and persulphates may be deter- 
mined iodometrically by the method given for chlorates, etc. While 
hydrogen peroxide requires only one half hour digestion, the per- 
carbonates must be warmed twice as long and the persulphates 
should stand two hours at room temperature before titration, in . 
order that the decomposition may be complete. 

Iodate in the presence of chlorate may. be determined by this 
method if acetic acid be used in place of HCl; in the presence of this 
acid, chlorate is not reduced. 

This method is also available for the determination of inorganic 
acids such as phosphoric, etc. The iodate or bromate is used in 
excess, the quantity of liberated iodine being dependent on the 
amount of an acid (OH ions) in the sample added. 


47. DETERMINATION OF PERSULPHATES (G. H. MONDOLFO). 


From 0.2 to 0.3 Gm. of the sample dissolved in 10 Cc. of water 
is transferred to a glass-stoppered bottle, 0.5 KI added, and the well- 
stoppered bottle is heated to 60°-80° C., during 10 minutes, in an 
air-bath. The contents are cooled, diluted with water, and the 
iodine titrated with X thiosulphate V.S. in the presence of starch 
added near the end of the titration. 


Ki SOse te ele Fel ZIG) 
270.34 2X 126.92 


t Ce. of X thiosulphate corresponds to 0.013517 Gm. potassium 
persulphate. 


48. DETERMINATION OF PEROXIDES. 


Also chromates, manganates, antimonic oxide (Sb,O,), arsenic 
pentoxide (As,O,), cerium oxide (CeQ,), etc. 

Certain peroxides’ (of the heavy metals), and other oxidizing 
agents, liberate chlorine from hydrochloric acid. The liberated 
chlorine, distilled into KI solution, hberates am equivalent quantity 
of iodine which is titrated with standard thiosulphate. 
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Distillation Apparatus.—In its various forms the apparatus con- 
sists essentially of a small decomposition flask joined to a receiver 
by an adapter, the joints, as few as possible, being absolutely air 
tight. 

“The original, Bunsen form of the apparatus, Fig. 31, has a decom- 
position flask (d) of about 4o Cc. capacity, and this is joined to 
the adapter (a) by rubber tubing (c), though this kind of connec- 
tion is now replaced by a ground glass joint. The free end of the 
bulbed adopter, which may also be straight, is narrowed into a fair 
sized capillary, and extends well into the receiver (b). The re- 
ceiver is of the form of a bulbed retort and should hold about 250 
Ce. During distillation the receiver is kept immersed in cold water. 

In operation, the sample is placed in the decomposition flask 
together with the acid, and the chlorine gas generated is distilled 
into the receiver in which a solution of potassium iodide serves to 
absorb the chlorine. 

In the Fresenius apparatus, Fig. 32, two absorption tubes (d and 
e in the figure) are used in place of the receiver of the Bunsen 
‘form. These tubes are joined to the decomposition flask (a) by a 
bent tube and the distillation is carried out as with the other appa- 


a 


Fic. 31. Bunsen’s DISTILLATION APPARATUS. 


ratus. The absorption tubes are placed in a jar of cold water to 
keep their contents (KI solution) at uniform temperature during 
distillation. 

The DeKoninck apparatus, Fig. 33, has the decomposition flask 
(a) joined to a Volhard wash flask (b) which contains the KI 
solution, by an adapter (c). The Fresenius and DeKoninck forms 
do not allow the KI solution to be drawn over into the decomposi- 
tion flask. 

Another form of the apparatus which retains the KI solution in 
the receiver is that of Topf, in which the decomposition flask is 
replaced by a tubulated retort with a long stem. 

All these forms of distillation apparatus may be replaced, with 
advantage, by the apparatus of Morgan and Cook (Analyst, 1908, 
33, 117), which is constructed to permit the passing of a current 
of CO, through it during distillation. 

Operation.—Volumetric solution employed: 3. sodium thiosul- 
phate. 

Weigh accurately a suitable quantity of the sample (0.1 to 0.3 
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Gm.) into the dry decomposition flask, weighing by difference. Into 
the receiver place, of 5 per cent. KI, free from iodate, a sufficient 
quantity to fill the large bulb (Fig. 31) two thirds full. Add to 
the sample, in the decomposition flask, 5 to 20 Cc. of pure HCl, 


Fic. 32. FRESENIUS’s DISTILLATION APPARATUS, 


free from chlorine, connect the apparatus at once and heat the flask 
with a small flame. Distill at gentle boiling until one half of the 
contents of the flask have been distilled over or until no further 
evolution of chlorine is observed. To discontinue the operation, 
disconnect the apparatus without removing the flame in order to 
prevent the KI solution from being drawn over into the decom- 
position flask. When the distillation is completed, pour the con- 
tents of the receiver into a large beaker, wash the adhering solution 
out with portions of water, then with some KI solution and titrate 
the free iodine with N thiosulphate V.S. One drop of the V-.S. 
should discharge the final light yellow color of the titrated liquid. 
Having carried out a check titration, calculate, from the results 
found, the percentage of the peroxide or other chlorine-liberating 
compound in the sample. The factor for any particular oxidizing 
agent determined by this method is derived from the equation rep- 
resenting the reactions involved, which may be typically represented 
by the following equations: 


MnO ele ACh =) MnCl, 2E Ones 26h 
86.93 2X 35.46 
20 = 2h a= a2k Cl 2k: 
2X 126.92 
Ahi SS NECN O kod af @k BA tes 


2 X 248.24 
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86.93 parts of MnO, liberate 2 X 35.46 parts of Cl which set 
free 2 X 126.92 parts of I, and these require 2 248.24 parts of 
sodium thiosulphate for reaction, so that 


Fic. 33. DerKonincx’s DisTILLATION APPARATUS. 


$0.93 MnO, = 35.46 —Cl= 126.92 — I= 248.24 — Na,S,0,.5H,0. 


1 Lt. of §} thiosulphate contains 24.824 Gm., and corresponds to 
— 4.346 Gm. of MnO,,. : 


I Ce. is the equivalent of 0.004346 Gm. of manganese dioxide. 
Observations.—It need hardly be emphasized that any loss of 
chlorine means low results for the compound determined; hence 
the distilling apparatus must be absolutely airtight and the distil- 
lation carried out with care. The sources of loss are minimized 
by decreasing the number of connections. During distillation the 
receiver should be immersed in cold water. The liquid to be titrated 
will contain much HI, formed through the decomposition of the KI 
in solution by the HCl distilled into it. Since HI is decomposed by 
the oxygen of the air, iodine being set free, the entrance of air 
must be guarded against. The decomposition of HI may be mini- 
mized by filling the large bulb of the receiver with CO, before the 
KI solution is introduced; also by diluting the solution largely after 
distillation, and titrating immediately with the thiosulphate. Hy- 
driodic acid is less readily decomposed in weak solutions (in ionized 
state) than in concentrated, the nonionized acid alone being attacked. 
Dilute solutions of samples must be concentrated before distillation. 
Note.—Antimony, if in the form of Sb,O,, is oxidized by aqua 
regia or treated with HCl-+ Br or by H,O, added to a concentrated 
solution made alkaline with KOH; the excess of the oxidizing 
agents must be removed by boiling. Precipitated Sb,S, is dissolved in 
KOH and H,O, added; the oxidation of its solution in KOH should 
be repeated. For CrO,, HCIO,, MnO, and PbO, this method of 
treatment has been modified by V. Farsde (Ztsch. anal. Chem., 
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1907, 46, 308), in that HBr(2KBr + H,SO,) is used and the Br 
liberated distilled into KI solution. For distillation, 1 to 2 Gm. of 
KBr + 20 Ce. H,SO,-+ 80 Cc. of water are used and the distilla- 
tion made in 15-20 minutes. As, at this concentration, HBr is not 
affected by H,SO,, weak solutions may be employed. 


49. DETERMINATION OF SOLUBLE [opIDEs. 


(a) By Distillation—tThe distillation is made after the method 
given for peroxides, the decomposition of the iodide being brought 
about by a ferric salt. The sample is weighed into the decomposi- 
tion flask, an excess of ammonium ferric sulphate added, the solu- 
tion acidified with diluted sulphuric acid and the liberated iodine 
distilled into KI solution for titration. From the volume of % 
thiosulphate consumed, the percentage of the particular iodide is 
calculated. For equations and derivation of factors, see determina- 
tion of ferric salts. Insoluble iodides are first changed into soluble 
by fusion with sodium carbonate or by treatment with Zn + H,SO,. 

(b) With Nitrous Acid (Method of Fresenius).—The iodine of 
an 10dide, of which only a small quantity should be treated, is set 
free by nitrous acid and titrated with standard thiosulphate V.S. 

Volumetric solution employed: X. thiosulphate. 

The solution of the sample contained in a special apparatus for 
decomposition (in place of which a well-stoppered separator may 
be used) is acidified with 10 per cent. sulphuric acid, few drops 
of “Nitrose”! added, and the liberated iodine dissolved out by 
shaking with several portions of pure CS, or CHCl,. To the solu- 
tion of the iodine in the volatile solvent one to two drops of NaHCO, 
solution are added and the liquid is titrated with NX thiosulphate V.S. 
One drop of the V.S. should, when finally added to the titrated 
liquid, discharge the violet, iodine color. Calculation of the per- 
centage of an iodide present is readily made from the volume of §¥ 
thiosulphate consumed. 

Notes.—This method is best suited for the determination of small 
quantities of iodides, in the presence of much of the other haloid 
salts, HCl and HBr not being decomposed by this treatment. It 
should be noted that iodine is not completely taken up by the volatile 
solvents so that exact results are obtained only by standardizing the 
thiosulphate with pure KI, the method of titration and the quanti- 
ties and concentration of reagents used, being the same as in the 
determination. 

To avoid distillation, iodides may be decomposed with a per- 
manganate and the liberated iodine titrated. According to Rupp 
and Horn (Arch. der Pharm., 1906, 495), 0.25 to 0.5 Gm. of the 
sample is dissolved in 50 Cc. of water, and to the solution added, 
25 Cc. of dilute sulphuric acid, 3 Gm. of oxalic acid, and then 10 
Ce. of I per cent. of potassium permanganate. After the mixture 
has stood 3 hours, 1 Gm. of KI is added and the solution titrated 
with XN thiosulphate V.S. 

1“ Nitrose” is a solution of nitrosyl sulphuric acid ia sulphuric acid. It 
may be prepared by passing nitrogen trioxide into strong sulphuric acid to 
saturation. 
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When the titration is carried out in this manner the presence of 
chlorides or bromides has no effect on the results. From the vol- 
ume of X thiosulphate consumed, the percentage of iodide in sample 
is calculated. For reactions, see standardization of permanganate 
by thiosulphate, p. 99. 


50. DETERMINATION OF FORMALDEHYDE (IN SOLUTION oF F—.). 


Formaldehyde is oxidized in alkaline solution by an excess of 
standard iodine V.S. to formic acid and the unconsumed iodine is 
titrated with N thiosulphate. 

Volumetric solutions employed: N iodine and ¥, thiosulphate. 

To 50 Cc. of the § iodine, in a titration flask, add 5 Cc. of a 
I-30 solution of the sample (dilute 10 Gm. to measure exactly 300 
Ce.), or as much of a weaker solution as will contain 0.15 Gm. of 
formaldehyde. Drop in, at once, Io per cent. NaOH solution until 
alkaline reaction is produced in the liquid, which becomes light 
yellow in color, and set aside for 10 minutes. Acidify with dilute 
acetic acid and titrate with the X thiosulphate V.S. The number 
of Cc. of this V.S., subtracted from 50, gives the volume of 
iodine consumed by the formaldehyde and from this the percentage 
of it in the sample is calculated. The reaction of formaldehyde 
with iodine is represented: 


HCHO tye cl* 22. TL Oe Saleen COOrm 


30.02 2X 126.92 


t Lt. of X iodine contains 12.692 Gm., and corresponds to 1.501 
Gm>ot HCO. 


1 Ce. is, therefore, the equivalent of o.oo1501 Gm. of formalde- 
hyde. 
The hypoiodide solution is decomposed by HCl. Reliable results 


are obtained only when comparatively pure solutions of formalde- 
hyde are treated. 


51. DETERMINATION OF Formic Acip (RUPP). 


The acid is oxidized by an excess of standard hypobromite and 
the excess of this reagent determined iodometrically. 

Volumetric solutions employed: Standard hypobromite (see 52) 
and X thiosulphate. 

A suitable quantity of the acid is oxidized by an excess of the 
standard hypobromite in a glass-stoppered cylinder, the method 
given for the determination of ammonium compounds being fol- 
lowed. The unconsumed hypobromite is found by titration, with 


XN, thiosulphate, of the iodine it liberates from an iodide. 
Reactions: 


HCOOH + NaOBr = H,O + CO, + NaBr. 
46.02 


NaO©Br) -— 2H al e2Nabr oO 
2X 126.92 
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alge 2Na, 5, O,-5 HO) =~ ete. 
2 X 248.24 


46.02 parts of HCOOH correspond to 2X 248.24 parts of 
Na,S,0;,-5H,O. 

1 Ce. of §, thiosulphate therefore corresponds to 0.002301 Gm. 
of formic acid. 

To calculate percentage of the acid assayed by this method, the 
Ce. of §¥ thiosulphate consumed in titration are deducted from the 
Ce. # thiosulphate required to titrate an exactly equal volume of 
the hypobromite, treated as in the determination, and the difference 
in volumes which corresponds to the acid present, is used for calcu- 
lation of its percentage. 


N.Cc. § thio. corr. to acid X 0.002301 & 100 
Weight of sample 


—=per cent. of formicacid. 


52. DETERMINATION OF AMMONIUM COMPOUNDS 
(Rupp AND ROoksSLER).? 


Ammonium compounds are decomposed by an excess of standard 
alkali hypobromite, the excess of which is titrated iodometrically. 

Volumetric solutions employed: XN thiosulphate and standard 
hypobromite. To prepare the latter, dissolve 19 Gm. of NaOH 
in 500 Cc. of water, add slowly 17 Gm. of bromine, mixing well, 
and keep the solution well stoppered. The exact strength of the 
solution is found, at the time of use, by titration with X thiosul- 
phate V.S. 

Measure accurately a suitable volume of the hypobromite (5 
to 6 Cc.) into a glass-stoppered cylinder, add 75 Cc. of recently 
boiled and cooled water and add the solution of the sample. This 
should contain a definite, known amount (0.2 Gm.) of the sample 
and should measure about 10 Cc. Let stand 5 to 10 minutes, add 5 
Cc. of water, acidify with dilute HCl, add 2 Gm. of KI, let stand 2 
minutes, and titrate with the X thiosulphate V.S. One drop of 
the V.S. should discharge the final yellow color of the titrated liquid. 
Having treated an exactly equal volume of the hypobromite pre- 
cisely as in the determination, and then titrated the liberated iodine 
with the N thiosulphate, subtract from the volume of this the Cc. of 
N thiosulphate consumed in the determination; the difference in 
volumes of the X thiosulphate will correspond to the hypobromite 
consumed by the ammonium compound present. From the volume 
of the X thiosulphate which corresponds to the hypobromite con- 
sumed by the ammonium salt, the percentage of the salt in sample 
is calculated. Equations: 


2NH, + 3NaOBr = 2N + 3H,O + 3NaBr. 
2X 17.04 


NaOBr => 2Hi ==" 21 — >) Nabr® = -H,0. 
2X 126.92 


1 Arch. der Pharm., 1905, 104-14. 
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ale -y -2Nas5,07°5H,O == ete 
2 X 248.24 


ie parts of NH, correspond to 248.24 parts of thiosulphate. 


1 Lt. of NX thiosulphate contains 24.824 Gm., and corresponds to 
0.568 Gm. of NH. 

1 Cc. of the V.S. is the equivalent of 0.000568 Gm. of ammonia. 

The excess of the hypobromite should be about one third to one 
half, and the ammonium salt must be added to the hypobromite. 
Potassium iodide is to be added only after the solution has been 
acidified. For determination of free ammonia, the solution of 
the sample should be largely diluted with ammonia-free water and, 
after decomposition, the HCl added drop by drop until the liquid 
becomes yellow. 

As a check for the end-point, the titration should be completed 
with starch as indicator, in which case the discharged blue color 
must not reappear within one minute. The strength of solutions 
of ammonium salts best suited for treatment should be about 2 
per cent., of ammonium hydroxide, 0.5 per cent. 


53. DETERMINATION OF COPPER (JAMIESON, LEvy AND WELLS).' 


Cuprous thiocyanate is oxidized to sulphate by a standard solu- 
tion of potassium iodate. 

Volumetric solution employed: Empirical potassium iodate. This 
is prepared by dissolving the exact amount (10.701 Gm.) of the 
pure reagent in distilled water to 1000 Ce. If the salt is not abso- 
lutely pure, a stronger than N of formula-weight solution is made 
and standardized with pure Cu, the method of determination being 
followed. 

Dissolve a suitable quantity of the copper salt in water or employ 
the neutral solution of copper obtained in separation of Cu from other 
metals, add 10 to 20 Cc. of 6 per cent. sulphurous acid, heat to boil- 
ing and precipitate the Cu as CuSCN with an excess of 10 per cent. 
ammonium thiocyanate. Let stand 10 minutes, filter and wash the 
precipitate until free from thiocyanate. Transfer the washed pre- 
cipitate, with the filter to the precipitation flask, add 5 Cc. of chloro- 
form, 30 Cc. of HCl, and 20 Cc. of water, mix well, and titrate with 
the standard KIO,. The V.S. should be added in 0.5 Cc. portions and 
the flask closed and shaken after each addition. When the chloro- 
formic layer has taken on a violet color, which becomes paler on 
further addition of the V.S., the titration should progress drop by 
drop until the violet color, which then disappears sharply, is dis- 
charged by one drop of the V.S. From the volume of the standard 
KIO, consumed, the percentage of the Cu present is calculated. 
The factor for Cu, with standard KIO, V.S., is derived from the 
equation : 


*J. Am. Ch. Soc., 1908, 5, 760. 
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4CuSCN + 7KIO; + 14HCl 


A 127.65 WX PAUNOE 
4X 63.57(Cu) 


Cus ACL KC ee HON te cH: 


7 X 214.02 parts KIO, react with 4 & 63.57 parts of Cu in form 
Or CusGNe 

If r Lt. of X, (of formula-weight) KIO, contains 10.701 Gm. and 
corresponds to 1.817 Gm. copper, 

1 Ce., therefore, corresponds to 0.001817 Gm. of metallic copper. 

Note.—Presence of organic matters, such as filter paper, alcohol, 
acetic or formic acid does not interfere with the titration. Heavy 
metals (Pb, Sb and Ag) must not be present. They are removed 
by evaporation of the solution with sulphuric acid to dryness, heat- 
ing until SO, fumes are given off; the residue is then taken up with 
water or, if Ag is present, with a few drops of dilute HCl, filtered, 
the precipitate washed and the filtrate and washings, after neutral- 
ization with ammonium hydroxide, are treated as given above. 

This method is applicable to other thiocyanates. 

Standard potassium iodate V.S. has been recommended for the 
determination of many substances by L. W. Andrews (J. A. Ch. 
Soc., 1903, 25, 756), who pointed out the stability of ICI in the 
presence of a large excess of an acid. Chromates, chlorides, iodides, . 
iodine, arsenic and antimony and ferrous compounds may be de- 
termined by it; the last three in the presence of Cu and ferric 
compounds. 


54. DETERMINATION OF BROMATE (GOOCH AND BLAKE). 


Bromate is caused to oxidize arsenous acid used in excess, the 
excess of the acid is titrated with standard iodine V.S. 

Volumetric solutions employed: §, arsenous acid and 3, iodine. 

To a measured volume of X arsenous acid V.S., contained in a 
flask, is added a weighed quantity of the sample, or a definite vol- 
ume of a solution of known strength, then 3 to 10 Ce. of sulphuric 
acid (1-1) are introduced, and the mixture placed on water-bath 
' for 30 minutes or boiled 10 to 15 minutes. After such time the 
free acid is neutralized with an alkali, KHCO, added in excess, and 
the solution titrated with X iodine V.S., using starch solution as 
indicator. One drop of the V.S. should finally produce a distinct 
blue color. From the volume of § arsenous acid, oxidized by the 
bromate, the percentage of it, or of bromic acid in the sample, is 
calculated. To represent the reactions: 


2H AsO, - UHBrO, ==" 3H AsOp -b HBr. 
3 X 126.03 128.93 
3H,AsO, + 61° + 3H,O = 3H,AsO, 4+ 6HI. 
6 X 126.92 


128.93 parts of bromic acid react with 3X 126.03 parts of 
arsenous acid. 2H,AsO,=As,QO3. 
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1 Lt. of NX As,O, contains 4.95 Gm., and corresponds to 21.49 
Gm. HBrQO,. 

1 Cc. of the V.S. corresponds to 0.002149 Gm. of bromic acid, 
or 0.002784 Gm. of potassium bromate. 

Boiling from 10-15 minutes is found to be the most favorable ; 
at room temperature 30-120 minutes are required. Chlorate does 
not react under these conditions. 


55. DETERMINATION OF CHROMIUM AS CHROMATE (IN STEEL). 


Volumetric solutions required: XN thiosulphate and X, iodine. 

Indicator: Starch solution. 

The chromium is oxidized to a chromate which is then titrated. 

Of the steel turnings, 1.667 Gm. or double that quantity is weighed 
into a beaker, 25 to 30 Cc. of HCl (1.124) added for solution and 
the ferrous salt oxidized by boiling with 25 Cc. of 8 per cent. 
solution of KCIO,. When free chlorine has been removed by 
heating, the solution is neutralized with 4o per cent. solution of 
sodium carbonate, transferred to an erlenmeyer flask and the chro- 
mium oxidized with an excess (10 to 20 Cc.) of 4 per cent. per- 
manganate solution, boiling about 15 minutes. The excess of per- 
manganate is removed by the addition of a little alcohol, and boiling 
10 minutes longer. The solution is then made up to exactly 500 
Ce., with distilled water, shaken frequently, and filtered through 
a dry filter. The filtrate is titrated in 50 Cc. portions, each portion 
being acidified with dilute HCl, 0.5 Gm. of KI, free from iodate, 
added and, after shaking the iodine set free is titrated with N. thio- 
sulphate V.S. Residual titration being preferred the thiosulphate 
V.S. is added in excess, a little starch solution added and X& iodine 
V.S. run in carefully until a blue color is produced. From the 
volume of X thiosulphate V.S., which corresponds to the chromate, 
the percentage of chromium is calculated. With 1.667 Gm. the 
N thiosulphate X 0.17362 X 6==per cent. of chromium. 


56. DETERMINATION OF CARBON DISULPHIDE. 


Volumetric solutions required: XN thiosulphate and standard’ 
copper acetate. A nearly X V-.S. is prepared and its exact strength 
established by titration with XN thiosulphate V.S. 

Indicator: Starch solution. 

From 0.1 to 0.2 Gm. of the sample to be titrated are dissolved in 
60-70 Cc. of pure benzene, in a glass-stoppered flask or bottle, an 
alcoholic solution of KOH added and the contents mixed by shaking 
during one half hour. The mixture is then transferred to a sepa-_ 
rator and shaken out with 30-40 Cc. of cold water, and 1 Cc. alco- 
holic KOH, repeatedly, until all potassium xanthate is extracted. 
The aqueous solution is diluted to measure 500 Cc. and 200 portions 
employed for precipitation. The portions are acidified with acetic 
acid, an excess of standard copper acetate solution added and the 
mixture stirred 10-15 minutes. After that, the precipitate of 
copper xanthate is filtered off, washed with 10-15 Cc. of cold water, 
3 to 4 times, or until all copper acetate is washed out. The filtrate 
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and washings are combined, 3 Gm. of powdered KI added, allowed 
to stand 3 minutes, and the liberated iodine titrated with § thiosul- 
phate V.S. and the starch indicator. From the volume of standard 
Cu acetate V.S. consumed by the xanthate, the quantity of CS, 
yielding it, and the percentage of the disulphide in sample, are 
calculated. 

The ratio of CuO: CS, was found, by Harding and Doran (J. A. 
Chem. Soc., 1907, 29, 1476), to be 1:1.927. 


57- loprNE ABSORPTION NUMBER oF FaTs AND OILS 
(HvEBEL or Hanus Number). 


Oils and fats, among other substances, possess the property of 
taking up iodine, when brought in contact with it, in solution. 
Under fixed conditions the quantity of iodine thus absorbed is defi- 
nite for the individual fats; as this varies with the fats it constitutes, 
when properly determined, an evidence of much value in the 
examination of these substances for purity and identity. The per- 
centage of iodine absorbed by a given fat under definite conditions 
constitutes the number. 


Reagents: 
Standard Iodine Solution. 


An alcoholic solution of iodine containing mercuric chloride and 
known as Huebel’s iodine solution, is made by dissolving 26 Gm. of 
sublimed iodine in 500 Cc. of 95 per cent. alcohol and mixing the 
solution with a clear solution of 30 Gm. of HgCl, in 500 Cc. of 
alcohol of the same strength. The mixture should be allowed to 
stand a day before it is employed for determination. 

Acetic acid solution of iodine and bromine, the Hanus’s iodine 
solution is prepared by dissolving 13.2 Gm. of sublimed iodine in 
1 Lt. of glacial acetic acid, heating, if need be; to the cold solution 
are added 3 Cc. of pure bromine. 

Both solutions are to be kept in glass-stoppered bottles They 
are standardized at the time of their employment for the determina- 
tion of the number. 


Potassium Iodide Solution, 20 per cent. 
Tenth-N Sodium Thiosulphate V.S. 


The quantity of the sample to be treated should be so adjusted 
as to consume from 20 to 40 Cc. of the standard iodine solution. 
Of fats, 0.5 Gm., non-drying oils, 0.25 Gm., and of drying oils, 0.1 
to 0.2 Gm., will be found a suitable quantity. 

The sample is weighed, preferably by difference, into a flask or 
bottle, dissolved in 10 Ce. of chloroform and 30 to 50 Cc. of the 
iodine solution, carefully measured, are run in from a burette; the 
excess of iodine should be at least as much as the iodine consumed. 
With Huebl’s solution the mixture is allowed to stand 4 hours in 
a dark place in a closed bottle; with the Hanus’s solution it should 
be shaken during one half hour. Into another flask an equal vol- 
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ume of the iodine solution, used for the fat, is accurately measured, 
10 Cc. of CHCl, added, and the contents treated precisely as in the 
determination. 

After standing the required length of time the unconsumed iodine 
is determined by titration. Should no iodine be found left uncon- 
sumed, 20 to 30 Cc, more of the iodine solution should be added 
and the treatment repeated. The titration of the iodine is to be 
made in the presence of KI, 20 Cc. of the solution of which, together 
with 50 Cc. of water, are added and the X, thiosulphate V.S. run in 
with a thorough agitation of the titrated liquid until the final yellow 
color of iodine is just discharged by one drop of the V.S. Should 
the liquid be colored and the end-reaction interfered with, 0.5 Cc. 
of starch solution may be added when the end of the titration is 
approached, and the V.S. run in until the blue color is just dis- 
charged by one drop of it, while the titrated liquid is kept constantly 
agitated. The chloroform present may also be made to serve as an 
indicator. (See standardization of N thiosulphate by K,Cr,O,.) 
The iodine solution (without fat) is titrated in the same manner. 
The volume of X thiosulphate V.S. consumed by the iodine solution 
in the blank, less the Cc. of the V.S. required for the unconsumed 
iodine, gives Cc. of § thiosulphate V.S. which correspond to the 
iodine absorbed by the fat. Since 1 Cc. of § thiosulphate V.S. 
is the equivalent of 0.012692 Gm. of iodine, the percentage of the 
absorbed iodine is calculated: 


Ce. of § thio. corr. to I absorbed & 0.012692 & 100 
Weight of fat taken 


==[ absorption No. 


TABLES OF EQUIVALENTS (factors). 


1. TENTH-NoRMAL PERMANGANATE V.S. 


1 Cc. of X potassium permanganate VS. contains 0.0031606 Gm. of KzMn2Os 
and is the equivalent of: 


Gramme. 
AINIMONIMEpPerSUlp ater (Nis) 252 Osneee eee selection 0.008112 
Calettint s Camere tress ie. taties eerehe a decease nee me 0.0020045 
Galciunmoxid ej Garnet eat ce rho ee ee ee 0.0028045 
Calciiniehypophosphites Ca CPiHGOs)paeu-semicst cence 0.002126 
erticshypophosphite Pe( PHsOs)eve. eae. «ces penne mee 0.0020909 
Ferrous ammonium sulphate, Fe(NHs)2(SOs)2-6H:O .... 0.039221 
Herrousscarbonatem ie COsinacentr re aerate ee 0.011585 
errouse ch oLidemhc Glaaaenreien a retention ee 0.012677 
Herrousssul phate anhydrous mics Ossie eee 0.015192 
Ferrous sulphate, crystalline, FeSQ.-7H.O ..........:... 0.027806 
Ferrous sulphate, dried, 2FeSOxs-3H:O ........-.002-.00 0.017895 
floral dehy dem kl CE @msasee meen ie acre cere eee 0.001501 
Ormiceacid eH CO OE ante aren cites eran etree 0.0013806 
Ely. drogenmdioxid ea bl: Ozman es eeeenteyee Serre ese 0.001701 
Ey drogensulphidemtl:Simeacsme crete eee ee nano 
Hypophosphorous acid, HPH.O:z ............. SO0000S 6666 0.00165075 
Iron, Fe 
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Gramme. 
Meadhprbmlasyoxalate)aer.c acon ccc een ene error 0.010355 
Weadelabe (asamutrate invalkalinessolutiom issu ogee ene 0.012426 
iLenal eects, JA n(Calsl@) oAsHOl ds coucseurbocoudseesuees 0.018961 
ILeavel Suilbeveomine, IP HOC CHEMOM Sy odonsoadochandon00uconse 0.013706 
Manganese hypophosphite, Mn(PH2O2)2-H2O ........... 0.0025374 
Niemearness GliossGle, NiNO)s aiken ore atl anaes. sd oe coco o 0.004346 
Opcalkis crete, IEMC AOA SOY Giac.cgon cadamerscsad bose ees 0.006303 
LOS ene) Nyy CO eA ann eae Arcee sat A acacia RN nes ac MR ac hs 0.000800 
iRotacsiumechlonatenW Cl Osmeren neater iene 0.0020425 
POrdssilimenypophospluiteshWlr2Os 20. sarees eee cee 0.00260425 
Potassium ferrocyanide, KsFeCNe-3H:O ....2........... 0.042237 
Potissiimererricyvanidewicohie® Neu awen thy. attains eerie 0.032921 
ROUASSIUIIPMELALe MLN Ose ea eei ee eateries 0.0033703 
IOVS orm saisatics ISIN cn cannon hooaeannen so cne bad bon 0.004258 
IHoascbinn [neice WSACKOMIEWO) ns g0cecncococcacce 0.010811 
IPOUASSEKEM [SUN IKASHOS. Gregan ouae Sooesosecdsnu need 0.013517 
OLASsluimesul pli deme Sayer metas cteraiia ste eictsrerera cra tresses 0.0055135 
Seabinn Snore, INACIOS scecocncocsvocoesuooucbousoee se 0.017743 
Sodtumudtosideri Nos Osu pe erate oho eo ee eneee 0.00390 
Sodium hypophosphite, NaPH2O2.-H2O .................- 0.002651 
Soditimbpnitratem NUN Osersaunicicsceni ae malo aonsciae 0.002834 
Sodiumawnai trite ws NaN Oowace exter ee cote ooo cir ron elaine 0.0034505 
Solitaire pyselyorreito, INANEOH MAIO) os occcougnbsocsncduncsec 0.007705 
Sodimmepersulphatec Na: 5> Ones eeee racer eee. O.OIIQIIO 


2. TENTH-NorMAL IopIneE V.S. 


TeCen on x iodine V.S. contains 0.012692 Gm. of iodine and is the equiva- 
lent of: 


Gramme. 
VAAN TINO TU ANG bal ger Pets taret or comes clans Satiyapel contce sea eu aceiedagat setae oct cea oke 0.000568 
ENTICMIMON Ysa Dante stoeiee este aca on siete Sees Sees pe antares Sater Alegre 0.00601 
Antimony and potassium tartrate, 2K (SbO)C,H,O,.H.O.. 0.016618 
JaWatHonelerIn7 Odd Oy WINOH Gace codoonADon.s conn dnesSooumds oes 0.00721 
INGER PONSE ASIP AO RUNS CI CRG RES AC Cen One EO 0.00375 
ANTSeiic trioxide! Cansenous acid) sy \So Ou yaaen sel ace eis 0.00495 
AT SENOUSTIOGIC Ee, PAGI a scppce Siaeiece tote onesies ate cwver ers acs euros 0.022788 
onrimal dehy d ene bl CEO wee recrte teers renee siete reicter sen renters oe es 0.001501 
Horimiceacid el © © OM fermnacrrectee et eer meerc name hectare 0.002301 
ydrogenesulphidem to Stan srr tat esas errors ee 0.0017045 
UL 0 5 AY REAR cain EO AG TOA AO RC eee AB Pe ere 0.0027925 
Wa ReO Eales ate Boga aes nec he COO Or CNG EXO SENS Cao CRC Lee ar 0.0100 
Mereunicxchlonidem hic Carer jaqremt oes 0.013546 
Wercuniercyanidemio @ Newer ee cleric icici 0.012604 
Mercurous chloride, Hg2Cl. (titrated) .................. 0.023546 
Potassium sulphite, crystalline, K2SO3;-2H2O ............. 0.0097155 
Potassitim bist p hitomi s On sarirrr yas tae rae ee 0.00601 
Sodium! bistlpiitens Nall S Ose -ee eee pee ee cere 0.005204 
Sodiumuesulphitew Naco Osvj ils Olen eri ieriereira eres 0.01261 
Soditim thiosulphates: Naz 2 O@se5il2©) ee erect tir etter 0.024824 
Slip mavens aetsl, BuSOR coocécaccqonudgacane cos oondcnsed 0.0041045 
Sulphur dioxide (sulphurous anhydride), SO2 ........... 0.0032035 


3. TENTH-NorMAL THIOSULPHATE V.S. 


1 Cc. of NX, sodium thiosulphate V.S. contains 0.024824 Gm. of Na2S.Oz-5H:0 
and is the equivalent of: 
12 
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Gramme. 
Bromine Braces weenie errant, eta ne er one aeas 0.007992 
Chilorinte ss Clogs chcactoneiette are cry noregetetes ecteta yaaa shee ter ar eee 0.003546 
Chromiumetrioxidem Cr Osuna ea meee ier 0.00387 
Copper 7| Ces ac sare wou toh te iiac bes meee ten OOo ae eee 0.006357 
Copperssulphates Cis O75 Olesen eee 0.024974 
Fiydrogenrdioxideikls Oreste mie eit eee ie tae 0.001701 
Ey pochloroussacid.e rl C] © Reema ssn ace e ieee aaeere eter: 0.005247 
TOCINCALL Brecher ee ern ee Rete aan ic cseern ne ee 0.012692 
MOTs Pe ereiepcteecrer cece ee otters St aeons ST ya EEN TL a 0.005585 
Miaomresititnise Mimi ane. necro cee nesta nrre cts theese nee crea atets 0.001216 
MIR ERYECUnine@>etele, IMNSO! cootadss po noso aon oswsdodemd aaen 0.002016 
Weve eee, Chops NOM. oso cabeousosaescosudubucandse 0.004346 
Rotassiumubromatem Wt Oster errr teie ee errata. 0.002784 
Potasstumpechlorate eI ClOnmrererciris sae 0.002043 
Pease: iekive, IXMOK . woo gcuncscoosososuode conned bour 0.003567 
Potasstumupersulphate Keo. Omer eae eae 0.013517 


SodiumychloratensNa ClOsseaecs. has-as sues tase eee 0.001774 


GIT ASE) tre 
Determinations by Precipitation. 


In this division are included those methods of volumetric deter- 
mination of substances in which precipitation, that is, separation 
of solid substances from solution, takes place. In most cases the 
substance to be determined is precipitated by means of a volumetric 
solution of a suitable reagent added until the reaction is completed. 
The simplest method of ascertaining, through end-reaction, the com- 
pletion of precipitation reactions is to add the precipitant until no 
further precipitation takes place and this is often practiced; but 
since, in most cases, the resulting mixture remains cloudy—the sus- 
pended particles of the precipitate not depositing readily—this 
method is not found generally applicable. 

As in the other methods of volumetric analysis, the reagents 
employed are standard solutions, chiefly tenth-normal or weaker. 
The indicators used are not many and are mostly solutions of salts. 
They are, as a rule, added to the titrated liquid except when the 
substances themselves would react with them; in such cases the 
“drop end-point”? method must be resorted to. For this a drop 
of the titrated liquid is removed and brought into admixture with 
a drop of the indicator, on a white surface, to obtain the end-reaction 
which is indicated by the production of a distinct color or the for- 
mation of a precipitate. When applied negatively, the nonappear- 
ance of a given color or the nonformation of a precipitate are the 
end-point indications. 

In order that any substance may be accurately determined by pre- 
cipitation, the reaction utilized must, of necessity, be quantitative, 
and in addition, there must be a definite end-reaction to indicate 
the completion of the precipitation. It is chiefly on account of the 
difficulty to satisfy the latter requirement that precipitation reac- 
tions, so common in gravimetric analysis, are not more available 
for volumetric methods. 

Precipitation may be due to numerous causes; that caused by 
chemical reaction alone is here considered. The empirical facts— 
that any substance, formed from other substances in such solvent 
in which the new substance is insoluble, separates as a precipitate— 
still hold. In view of the ionic state of substances in solution the 
causes and operations of precipitation have become better under- 
stood and many, formerly unexplainable manifestations are being ex- 
plained. The newer views hold, that, when a substance has separated 
from a solution in solid form, the solution remains saturated with 
it and that on that account, precipitation takes place only under 
conditions of supersaturation. The quantity of the precipitate which 
remains in solution after precipitation depends mainly on its solu- 
bility or insolubility, the temperature of the solution and, to some 
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extent, on the pressure upon it and on the quantities of other sub- 
stances present in the solution. 

The solubility of a precipitate in quantitative determinations 
should be as small as possible. Where only a very small quantity 
of the precipitate remains dissolved, its ionization is regarded to be 
complete. The product of the concentrations, in a saturated solu- 
tion, of the component ions, denoted as the “solubility product” 
(Ostwald) has a constant value for the same substance. When 
this value of the solubility product of any substance in solution has 
been reached, the solution is saturated with the substance; when 
it is exceeded, precipitation takes place and, if the value is not 
reached, the solution acts as a solvent and will take up some more 
of the substance in question. Thus, when two electrolytes are 
brought together in solution and the solubility product of certain 
ions is thus exceeded, precipitation ensues and ends only when the 
excess of the compound formed has deposited, and thus the solu- 
bility product of the particular substance reached. So that any 
cause which will produce oversaturation will increase the amount 
of the separated precipitate. 

It has long been known that precipitation is more complete in 
many instances when an excess of either of the reacting substances is 
used. This is ascribed to be due to the influence which the presence 
of an ion in common with an ion of the compound in solution 
exerts. In view of the ionized condition of the remaining precipi- 
tate, the addition of such an ion increases its concentration and its 
solubility product is exceeded. The solution being already satu- 
rated, that is, the solubility product reached, precipitation must 
result, more of the precipitate separating. The amount of the 
precipitate thus separated is proportional to the quantity of the 
reacting substance used in excess. 

This precipitation, ending as it does only when an excess of the 
reagent has been added, is practiced in gravimetric analyses but can 
not be carried out to any such point in the volumetric methods. 
The end-reaction in titration is indicated when only a minute excess 
of a reagent has been added, or, in other words, the titration is 
ended before the precipitation is as complete as it could be made. 
It is therefore of the utmost importance to carry out titrations 
of this kind under as nearly as possible similar conditions with those 
obtaining in standardization of the volumetric solutions employed. 

When a sample is found to contain other substances which would 
modify the involved reaction or interfere with the precipitation, 
such substances must be removed or rendered harmless before titra- 
tion. When their removal is found impracticable and the quantity 
of the interfering substances is known, it is sometimes of advantage 
to add them to the blank in the proportion in which they are con- 
tained in the sample. 
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VOLUMETRIC SOLUTIONS. 
TENTH-NORMAL SILVER NITRATE V.S. 
1000 Cc. contain 16.989 Gm. of AgNO. 


This is usually directed to be prepared from pure AgNOg, dried 
at 120° C., for 10 minutes, of which the required quantity, 16.99 Gm , 
is dissolved in distilled water to measure, at standard temperature, 
exactly 1000 Ce (or 17 Gm., dissolved to measure 1000.60 Cc.). 
For exact strength, this solution is best prepared from pure metallic 
silver. 

Preparation of Pure Silver.—A suitable quantity of silver nitrate 
(20 Gm.) is dissolved in water and the silver precipitated with an 
excess of a clear solution of sodium chloride. After thorough mix- 
ing, the silver chloride is filtered off, washed by decantation several 
times with water, transferred to a clean porcelain dish, an excess 
of dilute alkali added, the mixture heated to boiling, and grape 
sugar gradually added in small portions When the reduction of 
the AgCl to Ag is complete—a portion of the gray precipitate should 
dissolve clear in pure HNO,—the supernatant liquid is decanted, 
the precipitate washed with hot water and dried. The dry powder 
is then melted on a lime support in a blast flame, the melted metal 
on cooling boiled in dilute sulphuric acid and, after drying, heated 
to redness. The pure metal thus obtained is kept in a well-closed 
bottle. To prepare the §, V.S. the required quantity is accurately 
weighed and dissolved in nitric acid. 

To prepare the tenth-normal AgNO, V.S., 10.788 Gm of the pure 
silver are weighed into an erlenmeyer flask, the metal dissolved in 
a small quantity of pure HNO,, the flask being kept covered with 
a small funnel. The solution is boiled to remove all nitrous acid, 
any red fumes removed by a current of air. The funnel and flask 
are then well washed with water, the solution is diluted to meas- 
ure, at standard temperature, exactly 1000 Cc. and placed in a 
clean, dark-colored bottle in which it is kept in a cool place pro- 
tected from dust. The solution thus prepared contains free nitric 
acid (to which there is no objection when used for Volhard titra- 
tion) and therefore has acid reaction; to obtain, by this method, 
a solution free from acid, the solution of silver in nitric acid must 
be evaporated to dryness and the residue dissolved. When any 
uncertainty exists as to the purity of the silver nitrate to be used 
for V.S., a stronger than XX solution of the salt is made and its 
strength adjusted with 4 NaCl V-S. 

Silver nitrate V.S. may be standardized gravimetrically, that is 
by precipitation of the silver in a given volume of the solution with 
an excess of NaCl, washing, drying and weighing the AgCl obtained. 
This is hardly ever necessary. As to the utility of gravimetric 
standardization of volumetric solutions, see p. 51. 
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TENTH-NORMAL SopIUM CHLORIDE V.S, 
tooo Cc contain 5.846 Gm. of NaCl. 


Weigh very accurately 5.846 Gm. of pure, dry, sodium chloride, 
dissolve in distilled water and dilute the solution to measure, at 
standard temperature, exactly 1 Lt. Keep the solution in a clean, 
glass-stoppered bottle 

Preparation of Pure Sodium Chloride.—Prepare a saturated 
solution of 10 to 15 Gm. of crystalline sodium chloride, filter the 
solution, pass HCl gas through it, keeping the solution cold. Filter 
through a hardened filter paper, wash several times with small 
portions of concentrated, pure HCl, drain the crystals well and dry on 
water-bath. When dry, powder the product fine in an agate mortar 
and heat in platinum to dull redness. After cooling in a desiccator, 
transfer it to a clean, dry bottle for keeping, or weigh and dissolve 
the required quantity for 4; V.S. Tenth-normal NaCl V.S. should 
correspond, volume for volume, with the 4 AgNO,. Empirical 
NaCl V.S. may be standardized by titration with AgNO, accord- 
ing to Mohr or Volhard method. 


TENTH-NORMAL THIOCYANATE V.S. (KSCN or NH,SCN.) 
VOLHARD SOLUTION. 


9.718 Gm. of KSCN or 


tooo Cc. of the solution contain: 7.613 Gui. of NHISCN. 


Prepare a stronger than X solution of the pure salt by dissolving 
10 Gm. of the potassium salt or 8 Gm. of the ammonium compound 
in 1000 Cc. of distilled water and standardize the solution by 
titration. 

Standardization with N Silver Nitrate V.S.—Into a titration 
flask’ measure’ exactly 20%Ce. of AgNO, VS. addeoa Cevoi 
ammonium ferric sulphate solution, 5 Cc. of diluted nitric acid 
(10 per cent., and free from nitrous), dilute to 100 Ce and titrate 
with the stronger thiocyanate solution. Allow this solution to 
run from a burette into that of silver nitrate, in small portions, 
mixing well after each addition and, when the silver in solution has 
been nearly all precipitated, that is when the reddish color produced 
by the added solution begins to disappear slowly on mixing, reduce 
the flow to drops. Continue to add drop by drop, mixing well by 
shaking so that finally one drop of the thiocyanate solution produces 
a distinct, permanent reddish color. Read the burette carefully 
and, having confirmed the correctness of the reading by another 
titration, dilute the thiocyanate solution to the tenth-normal strength. 
Since 20 Ce. of 4; AgNO, are titrated, the difference between the 
Cc. of the thiocyanate used and 20 represents the volume of water 
to be added to change the indicated number of Cc. of the stronger 
thiocyanate to the #, value. Thus, if 18.4 Cc. of the stronger thio- 
cyanate were consumed, with 20 Cc. of 4’ AgNO,, these and every 
18.4 Cc. of the solution are to be diluted, at standard temperature, 
to exactly 20 Cc., and therefore 1.6 Cc. of distilled water must be 
added to them. After dilution the correctness of the standard 
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solution should be confirmed by another titration in which 4o Cc. 
of N, AgNO, V.S. should be used and, if it be found necessary, 
another adjustment made. Equations: 


AgNO, + KSCN = AgSCN + KNO,. 
16.989 97.18 
(NH,),Fe,(SO,), -- 6KSCN 
eho Cea has O eee CNEL EOOr 


red colored. 


Second equation represents the formation of the red-colored ferric 
thiocyanate which occurs when all the silver has combined with the 
thiocyanate added. 

Observation.—When a solution of thiocyanate is added to silver 
nitrate AgSCN separates as a white precipitate insoluble in diluted 
nitric acid; this reaction alone takes place as long as any silver is in 
the solution. When all the silver has reacted, the thiocyanate added 
then reacts with the ferric salt, producing with it a soluble ferric 
thiocyanate of red color. Thus a minute excess of thiocyanate 
added is at once indicated by the appearance of a reddish color 
which should not disappear on mixing. With a large quantity of 
AgSCN formed in this manner the delicacy of the end-reaction is 
impaired; under those conditions the AgSCN should be removed 
by filtration just before the permanent red color is obtained and 
the filtrate and washings titrated to a permanent reddish color. 


EMPIRICAL POTASSIUM CYANIDE V.S. 
KCN = 65.11. 


The solution is best prepared and standardized when required. 
For a nearly XX solution approximately 7 Gm. of pure potassium 
cyanide are dissolved in distilled water to measure 1000 Cc. The 
solution is used mainly for determination of copper and should, for 
this purpose, be standardized with pure copper (electrolytic). When 
employed for determination of formaldehyde its standardization is 
best made with % AgNO, V.S. Directions for these operations will 
be found described under the respective determinations. 


EMPIRICAL PoTASsIUM FERROCYANIDE V.S. 
K,FeCN,-3H.20 = 422.37. 


An approximately 3, V.S. is prepared by dissolving 43 Gm. of 
the pure, crystalline salt, in water, to measure 1000 Cee Dhessolu= 
tion is standardized, when employed for zinc determinations, with 
pure Zn or ZnO. The metal or the oxide is dissolved in HCl at 
the time of the determination, and with this solution that of the 
ferrocyanide is standardized. 
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STANDARDIZATION WITH ZINC OR ZINC OXIDE. 


Preparation of Solution.—Weigh accurately 10 Gm. of C.P. zinc 
or 12.4465 Gm. of ZnO (freshly ignited and cooled in a desiccator ) 
into a 400-Cc. beaker and dissolve in 50 Cc. of HCl diluted with 
water. Heat in the covered beaker until dissolved, dilute to 300 
Cc. with water and add an excess of Br water. Remove Br by heat, 
wash the cover and sides of the beaker with water, add an excess of 
NH,OH solution and boil gently 15 minutes. Filter into a carefully 
calibrated 1oo0-Cc. flask, wash beaker and filter with water contain- 
ing NH,OH, then with water several times. Dissolve the precipi- 
tate in the least possible amount of HCl, reprecipitate Fe in it with 
NH,OH and add the filtrate and washings to the zinc solution. The 
Fe(OH),, after washing, is dried, ignited, and the quantity of Fe 
contained in it deducted from the weight of Zn taken (10 Gm.). 
If silica or other impurity be found present in the zinc the proper 
correction for them must be applied. Acidify the alkaline solution, 
add to it 30 Cc. of HCl together with 10 Gm. NH,Cl, and dilute 
to mark on cooling to standard temperature. Pour the solution into 
a dry, 2-liter bottle, let the flask drain, fill it with distilled water and 
pouring this into the bottle shake the contents well. Calculate the 
quantity of Zn contained in 1 Cc. of the V.S. and label the solution 
accordingly. 

Standardization.— To standardize the potassium ferrocyanide 
V.S. (see p. 167), 20, 50, 70 and 100 Cc. portions of the standard 
zine solution are measured into 4 titration flasks and each portion 
diluted to 150 Cc. with distilled water. Heat the solution to near 
boiling, reserve about 20 Cc. and titrate the rest with the empirical 
ferrocyanide V.S., run in from a burette. Add the V.S. in rather 
larger portions until a drop or two of the titrated liquid give decided 
color with a drop of the indicator on a white porcelain plate. Add 
now 18 Cc. of the reserved 20 Cc. portion and run in the V.S., one 
half Cc. at a time, testing the liquid as before. When a distinct 
brown color is produced with the indicator, add the remaining 2 Cc. 
of the zinc solution and complete titration, 2 drops at a time, until 
a slight excess (pale brown color is produced) of the V.S. is added. 
Titrate each portion in this manner and find separate factors for 
each of the volumes of zinc solution titrated. 

The exact shade of color of the end-reaction is established by a 
blank titration in which 10 Ce. of concentrated HCl are neutralized 
with NH,OH, the solution acidified with 3 Cc. of HCl in excess, 
diluted to 150 Cc. and titrated after heating to 85° C. (About 0.2 
Cc. of standard K,FeCN, V.S. should be consumed.) Correction 
for the blank is then applied in all titrations. 

When the V.S. is employed in determinations of zinc, the nearest 
factor to which the volume of the consumed V.S. corresponds, is 
used in calculation of zinc present. 
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EMPIRICAL URANIUM ACETATE V.S.1 
UO,(C.H,O,),-2H,O = 424.60. 


Dissolve about 36 Gm. of pure uranium acetate in water, add 3 
Cc. of strong acetic acid and dilute, with distilled water, to measure 
I Lt. Let the solution stand several days and filter. Standardize 
the solution with a standard solution of an alkali phosphate only 
when it is to be employed for titration of the soluble phosphates; 
if to beemployed for determination of the alkaline-earth phosphates, 
calcium phosphate must be used in standardization. There will 
be then required: 

(a) Standard Solution of a Soluble Phosphate——This is usually 
prepared by dissolving 14.7 Gm. of air-dried sodium-ammonium 
phosphate in water to measure, at standard temperature, exactly 
1000 Ce. In place of this salt potassium dihydrogen phosphate has 
been used, the quantity required being 9.57 Gm. To find its exact 
strength, fifty Cc. of the solution (NaNH,HPO,+ 4H,O) are 
evaporated to dryness, the residue ignited and weighed as sodium 
metaphosphate. 1 Gm. of sodium metaphosphate corresponds to 
O77 447 Gian, 2 O.. 

(b) Solution of Ammonium or Sodium Acetate, 10 per cent. to 
be prepared when wanted. The solution is acidified with 3 per cent. 
of acetic acid. 

(c) Solution of Potassium Ferrocyanide, to per cent., freshly 
prepared. In its place the powdered salt may be used as indicator. 

Standardization with the Alkali Phosphate.—Transfer to an 
erlenmeyer flask exactly 30 Cc. of the standard alkali phosphate 
solution, measuring from burette or with a pipette, add 10 Cc. of 
the acetate solution, 10 Cc. of water and heat to boiling. Place the 
flask on a boiling water-bath and having secured the burette contain- 
ing the uranium acetate solution so that its tip extends into the 
neck of the erlenmeyer, the burette being at the same time shielded 
from the heat of the water-bath, titrate the contents of the flask 
kept hot during the titration. In titration let the uranium solution 
run into that of the phosphate at the rate of 1 Cc., mixing the con- 
tents of the flask and testing for the end-reaction towards the end 
of the titration. The drop end-point method is employed. Remove 
a drop of the titrated liquid to a clean porcelain plate and mix 
it with a drop of the ferrocyanide solution or some of the powdered 
salt. When a red color is produced the uranium acetate is present 
in excess. The first should be a trial titration. In the following, 
more carefully performed titrations, run in a little less of the 
uranium solution without testing and complete the titration with 
the V.S., added in 2-drop portions, testing for the end-point after 
each addition. A drop of the titrated liquid should give a distinct 
pale brown color with a drop of the indicator. When two or more 
of the titrations are found to agree within 0.2 Cc., the average of 
these is taken for calculation of the factor. Since the quantity of 
P,O, represented by 30 Cc. of the phosphate solution is known, that 


1Uranium Nitrate V.S. may be used in place of this. Prepared by dis- 
solving 35 Gm. UO,(NO;). in water to measure 1000 Cc. 
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quantity of it to which 1 Cc. of the uranium acetate V.S. corre- 
sponds, is readily calculated. This factor is to be plainly written 
on the label of the bottle containing the V.S. The standardized 
uranium solution may then be used unchanged, or carefully diluted 
to any suitable volume, so that 1 Cc. may represent a definite quan- 
tity of P,O,, for instance, 0.005 Gm. 


Na, HPO, + UO,(C,H,O,),=UO,HPO, + 2NaC,H,0,. 


Observations.—The uranium acid phosphate, UO,HPO,, or the 
uranium ammonium phosphate, UO,NH,PO,, which is formed in 
the presence of ammonium salts, dissolve in mineral acids but are 
insoluble in diluted acetic acid. The object of the addition of the 
alkali acetate is to react with any inorganic acid present, that is, 
the inorganic acid in the titrated liquid or HNO, generated when 
uranium nitrate is used in place of the acetate in the V.S. The 
titration must be performed on the hot solution of the phosphate 
and it is well to allow sufficient time to elapse before the final end- 
reaction is tried for. The precipitate itself does not react with the 
indicator. For greater accuracy a blank titration should be made 
under the conditions of the standardization with all the reagents 
except the phosphate. The uranium solution should be added, 
drop by drop, to the hot liquid until a coloration matching exactly 
that of the determination is produced and the volume of the solu- 
tion consumed in the blank then allowed for. 

Note.—Recently a tincture of cochineal has been used as indi- 
cator. The tincture is prepared by boiling 4 Gm. of the dried insect 
1 hour in 100 Cc. of water, replacing the water lost and boiling 
again, then cooling and adding 50 Cc. of alcohol, mixing and filter- 
ing. Few drops of the tincture added to the titrated liquid turn 
to a gray-green color when an excess of the uranium solution is 
added. 

Standardization with Calcium Phosphate.—Pure calcium phos- 
phate is prepared from calcium chloride solution made alkaline with 
ammonium hydroxide and precipitated with sodium phosphate. The 
precipitate is washed with hot water, dried, and gently ignited. For 
standard solution, 5.5 Gm. of the phosphate are digested with diluted 
sulphuric acid, of which a volume is to be used to contain 2.8 to 
2.9 Gm. of SO, (adjusted by titration), the solution diluted to tooo 
Ce., filtered, and the exact percentage of P,O, present determined 
gravimetrically. The phosphate may, however, be dissolved in the 
smallest possible volume of NHO, and the solution diluted to exactly 
1000 Cc. Of this solution 50 Cc., made alkaline with ammonium 
hydroxide, evaporated to dryness and ignited, will give a residue 
of pure calcium phosphate from the weight of which the amount 
of P,O; present in it is calculated. To titrate the uranium acetate 
V.S., 50 Cc. of the calcium phosphate solution are measured into 
an erlenmeyer flask, 10 Cc. of the alkali acetate added and, without 
heating, the uranium acetate solution introduced in portions until 
the calcium is nearly all precipitated. The mixture is at this point 
heated to boiling and the titration completed as in the standardiza- 
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tion with an alkali phosphate. The exact strength of the uranium 
acetate solution is then found by calculation, the value of I Cc. 
of it in terms of P,O, being expressed as the factor. 

Observation.—The titration of the calcium phosphate must be 
carried out in the cold, up to a certain point, on account of the 
tendency of the phosphate to separate out as an acid phosphate, 
CaHPO,, and also as the tricalcium phosphate, Ca,(PO,),. For 
this reason the determination of an alkaline-earth phosphate must 
be carried out under exactly the same conditions obtained in the 
standardization of the volumetric solution. 


STANDARD ALKALINE CUPRIC TARTRATE V.S. 
(FEHLING’s SOLUTION). 


1000 Cc. yield 9.939 Gm. of Cu,O which correspond to 5.0 Gm. 
of glucose. Prepare and keep in two parts. 

A. Of pure copper sulphate (selected crystals) 34.67 Gm., accu- 
rately weighed, are dissolved in distilled water to measure exactly 
500 Cc. at standard temperature. This portion is to be kept in 
a glass-stoppered bottle. 

B. Sodium potassium tartrate, 173 Gm., and potassium hydrox- 
ide, 75 Gm., are dissolved in water to measure exactly 500 Cc., at 
standard temperature. The solution is kept in a rubber-stoppered 
bottle. 

For use, equal volumes of the two portions are mixed. One Cc. 
of the V.S. is considered to correspond to 0.005 glucose. This, how- 
ever, is true only when the determinations with it are carried out 
strictly under certain fixed conditions. For exact work the solu- 
tion should be standardized with pure sugar, preferably the kind 
to be determined, employed in 0.5 per cent. solution. 

Standardization of Fehling Solution with Pure Cane Sugar.— 
Dissolve 4.75 Gm. of pure sucrose in 75 Cc. of distilled water, add 
5 Ce. of HCl (1.188 or 38.8 per cent.) and invert the sugar by heat- 
ing in a water-bath to 70° C., during 2 to 3 minutes, and keeping at 
67-69° C. for 7 to 8 minutes longer; heating in all to minutes. 
At 20° C., the inversion is completed in 24 hours; at 25° C. in Io 
hours. Neutralize the HCl, exactly, with NaOH solution and dilute 
to measure, at standard temperature, 1 Lt. One (1) Cc. of this 
solution will contain 0.005 Gm. of invert sugar and will correspond 
to 1 Ce. of the Fehling V.S. Titrate 10 Cc. of the Fehling solution 
with the standard solution of invert sugar in the manner given under 
titration of glucose (p. 193) and apply a correction if necessary. 


TENTH-NORMAL BROMINE V.S. (KOpPESCHAAR’S SOLUTION). 
1ooo Cc. contain 7.992 Gm. of Br. 


The solution contains a bromate and a bromide in such quantities 
as to yield 7.992 Gm. of bromine, per 1 Lt., when treated with an 
acid. A stronger than X solution is made by dissolving 3.2 Gm. 
of pure potassium bromate and 50 Gm. of pure potassium bromide 
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in distilled water to measure g00 Cc. The solution is then standard- 
ized and diluted to X§, strength. 

Standardization with N Thiosulphate V.S.—Measure into a 
suitable, 250-Cc. glass-stoppered bottle, exactly 20 Cc. of the solu- 
tion, add 75 Cc. of water, 5 Cc. of pure concentrated HCl, close the 
bottle securely and mix contents by shaking. Carefully introduce 
5 Cc. of 10 per cent. KI solution so that no Br vapor is lost, close 
the bottle at once and agitate the liquid thoroughly. Before titrating 
the liberated iodine, rinse the stopper and neck of the bottle with 
water into the bottle. Titrate the liquid with X thiosulphate, added 
in small portions at first, and then in drops until the final yellow 
color of the titrated liquid is just discharged by one drop of the 
V.S. Dilute each 20 Cc. of the Br solution to a volume exactly 
equal to that of the X thiosulphate consumed. After dilution, con- 
firm the standard of the V.S. by another titration and, if exact, keep 
the solution in dark-colored, glass-stoppered bottles. Otherwise, 
another adjustment should be made. 


INDICATORS. 


Only a few indicators are available for use in the precipitation 
titrations, They are solutions of inorganic salts; some are added 
to the titrated liquids, others are mixed with small portions of them 
outside the titration vessel. 


AMMONIUM FERRIC SULPHATE SOLUTION (AMMONIUM FERRIC 
Atum) (NH,)Fe(SO,), + 12H,0. 


A saturated solution of the salt in water is employed. The solu- 
tion is acidified with a few drops of pure nitric acid for the purpose 
of better keeping; the acid at the same time diminishes the intensity 
of the red color. About 1 to 2 Cc. of the solution are used in titrations 
for 100 Cc. of the titrated liquid, though, when a heavy precipitate 
is formed, as much as 5 Cc. are added. The salt, like other ferric 
salts, reacts with thiocyanates, giving with them in solution a deep 
red color unaffected by dilute acids. The red compound, ferric 
thiocyanate, is decomposable by silver nitrate and does not form in 
a solution in which AgNO, is present. But as soon as any silver 
contained in a solution is removed, or, has formed an insoluble com- 
pound, the slightest excess of a soluble thiocyanate acts on the indi- 
cator producing a red color. Titrations with this indicator are 
carried out in the presence of nitric acid which prevents precipita- 
tion of Ag by other anions. In addition, HNO, causes the silver 
compound precipitated to separate more readily. 


PorassIuM CHROMATE SoLuTIoN (K,CrO,). 


_ A ten (10) per cent. solution of the pure salt in distilled water 
is prepared. Being used in titration of halogen compounds, the 
indicator must be free from chloride, its common impurity. Ab- 
sence of chloride is readily established by a silver nitrate solution 
added to a portion of the salt dissolved in distilled water; the red 
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precipitate formed should dissolve to a clear solution in nitric acid 
added subsequently. With silver nitrate, potassium chromate gives 
a red precipitate of silver chromate, soluble in acids, alkalies and 
decomposable by AgNO,. This compound, therefore, forms only 
in absolutely neutral solutions and then only when any haloid salt 
present has reacted with the silver. The solutions titrated in pres- 
ence of this indicator must be neutral and must be so maintained 
during titration. For this purpose Na,CO, can be used, as a slight 
excess of it present does not interfere; but MgO, free from chloride, 
is better suited and more commonly employed. An excess of this 
compound has no undesirable action. 

Sodium arsenate solution has been used (Lunge), in place of 
potassium chromate, as indicator. 


POTASSIUM FERROCYANIDE SOLUTION (K,FeCN,-3H,O). 


The solution, ten per cent. strong, should be made when wanted. 
This indicator is employed for the drop end-reactions. When so 
used, one drop of it is mixed with a drop of the titrated liquid on 
a clean, white porcelain plate. With ferric compounds it gives a 
deep blue, with uranium salts a red-brown color. In place of the 
solution, the powdered salt has been employed. 


Potassium lIop1pE SoLution (KI). 


A 10 per.cent. solution of pure KI in distilled water. 


Uranium ACETATE SoLtution, UO,(C,H,0,), + 2H,O. 


The volumetric solution of this salt, see p. 169, will be found to 
answer this purpose. The indicator serves to detect the presence of 
ferrocyanide in the titrated liquid, the drop end-point method of 
testing being used. In place of the uranium solution, ferric chloride 
solution in glacial acetic acid can be used. With ferrocyanide a 
deep blue color is produced. 

Titrations with Standard Silver Nitrate V.S.—Titrations with 
standard silver nitrate V.S. are carried out in several ways: 


I. Direct Titration Without Indicator. (Method of Gay-Lussac.) 


The titrated liquid may contain nitric acid; the V.S. is added care- 
fully in portions until it ceases to produce a precipitate. For exact 
results two V.S., strong and weaker, are employed, the titration 
being completed with the weaker solution. 


II. Direct Titration in Presence of an Indicator. (Mohr’s Method.) 


The liquid to be titrated must be absolutely neutral in reaction 
and its neutrality maintained during the titration. In titration, the 
indicator, potassium chromate solution, is added and the V.S. run 
in until, in addition to the haloid salt of silver first formed, a red 
precipitate of silver chromate is produced. The red color of the 
end-reaction must be looked for in the precipitate. Metals which 
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react with the indicator in neutral solutions, as well as acid radicles 
that form insoluble salts with silver, must be absent. 


III. Residual Titration. (Volhard’s Method.) 


An additional V.S. of standard thiocyanate is employed and the 
solution of ammonium ferric sulphate used as indicator. To the 
solution of the sample, acidified with nitric acid, is added the stand- 
ard AgNO, V.S. in excess or until it produces no further precipi- 
tation; the excess of the silver added is found by titration with 
the thiocyanate V.S. The end-reaction depends on the formation 
of a red-colored ferric thiocyanate which appears only when all the 
silver has been precipitated as AgSCN. When the two standard 
V.S. are of exactly the same equivalent strength, preferably the 
tenth-normal, the volume of the silver nitrate V.S. consumed by 
the sample is obtained by simple subtraction. 


IV. Cyanide Titration. (Method of Liebig.) 


An alkali cyanide is titrated with standard silver nitrate, the V.S. 
being added until a slight precipitate appears. This precipitate of 
AgCN appears only when the alkali cyanide present is all converted 
into a soluble double cyanide of alkali and silver. To increase the 
sharpness of the end-reaction, a small quantity of KI solution is 
added to act as indicator, the Agl separating at this point more 
readily. In this titration the N silver nitrate V.S. has the value 
of § V.S., a fact which must, of course, be considered in calculation 
of the results of a titration in this manner. 

Cyanide can also be titrated in neutral solutions, with potassium 
chromate as indicator, the titration differing in no respect from that 
of the halogens given under Mohr’s method. 

In all these titrations the coloration of the end-reaction is not 
very intense so that the proper background for its observation should 
be provided. See p. 8. 


1. DETERMINATION OF HALOGENS IN SOLUBLE BINARY COMPOUNDS. 


A. Direct Titration. (Mobhr.) 


Chloride,t bromide and iodide. 

Volumetric solution employed: HX silver nitrate. 

Indicator: Potassium chromate solution. 

Dry the sample at 100° C., during 1 hour, and let cool in a desic- 
cator. For one titration employ 0.15 to 0.3 Gm. of the dry sample. 
Weigh accurately, dissolve in water to measure 10 to 20 Cc. (if an 
iodide, 200 Cc.) in a titration flask, add 1 Gm. of chloride-free MgO, 
then 2 drops of the indicator and titrate with the % AgNO, V.S. 
In titration, add the V.S. in small portions with effective agitation 
of the titrated liquid, reducing the flow to drops toward the end 
of the operation. Finally one drop of the V.S. should be found to 


‘If mercuric chloride, Hg must be removed (by H,S, etc.), silver chloride 
being soluble in mercuric nitrate. 
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produce a distinct, reddish precipitate of silver chromate. This 
compound forms only when all of the halogen present has combined 
with the silver and is seen in the white or “yellowish silver salt pre- 
cipitated before it. From the results of two or more agreeing titra- 
tions, the average volume of XN silver nitrate V.S. consumed is taken, 
and the percentage of the particular salt present or of the halogen 
contained in it is calculated. For derivation of the required factors 
the equation representing the reaction between NaBr and AgNO, 
is here given to serve as a type for other halogen compounds : 


NaBr + AgNO, = AgBr +. NaNO,. 
102.92 ~ 160.89 _ 


The equation shows that 169.89 parts of AgNO, react with 102.92 
parts of NaBr, which contain 79.92 parts of bromine. Since 1 Lt. 
of N AgNO, contains 16.989 Gm., and corresponds to 10.292 Gm. 
of NaBr, 

1 Ce. of the V.S. is the equivalent of 0.010292 Gm. of sodium 
bromide, or of 0.007992 Gm. of bromine. 

Illustration—A sample of sodium bromide, titrated in 0.2 Gm. 
portions, required an average of 19.2 Cc. of N AgNO, V.S.; to 
calculate the percentage of NaBr in the sample. 


19.2 X 0.010292 0.1976 Gm. 
O12 0.107055 100m a 


ee Ae 
0.2 

The sample is found to contain 98.8 per cent. of NaBr. 

Observations —The red Ag,CrO, is formed only in neutral solu- 
tions and being insoluble under these conditions appears in the pre- 
cipitated haloid salt of silver. Magnesium oxide is added to main- 
tain neutrality, an excess of it not interfering with the end-reaction. 
It is evident that in neutral solutions other anions (phosphate, 
oxalate, arsenite, arsenate, etc.), if present, would react with silver 
nitrate. In the presence of these and other interfering substances 
this method of titration can not be carried out and recourse is had 
to the Volhard method. Considerable dilution of the solution of an 
iodide is necessary to prevent adsorption of the dissolved iodide or 
the added silver nitrate. 


B. Residual Titration. (Volhard.) 


Volumetric solutions employed: 3X, silver nitrate and N thio- 
cyanate. 

Indicator: Ammonium ferric sulphate solution. 

TorOst otso:2 Gin. e the sample, dissolved in 10 to 20 Ce. of dis- 
tilled water, add the X AgNO, V.S. in portions, mixing well, until 
an excess is added, that i is, until a precipitate no longer forms. Add 
to the mixture 1 Cc. of the indicator, 5 Cc. of pure, Io per cent. 
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HNO,, and mix the contents of the flask thoroughly. If the haloid 
salt determined is a chloride, filter, wash the precipitate with water 
containing a few drops of nitric acid, combine the filtrate with wash- 
ings and titrate with the 4, thiocyanate V.S. Add the V.S. with 
due care, in small portions, agitating well, and reducing the flow 
toward the end so that one drop of it, finally added, shall produce 
a distinct reddish or pink color, which does not disappear on mix- 
ing. With the other halogens, titrate the unfiltered mixture in the 
same manner. Both V. solutions being tenth-normal, the Cc. of 
the thiocyanate V.S. consumed are deducted from the Cc. of silver 
nitrate V.S. added and, from the difference, which constitutes the 
Cc. of X silver nitrate V.S. consumed by the haloid salt, the per- 
centage of the salt or of the halogen it contains is calculated. Equa- 
tions which give the factor required are: 


KCl + AgNO, = AgCl + KNO,. 


74.50 169.89 
AgNO, + KSCN =AgSCN + KNO,. 


169.89 parts of AgNO, are represented reacting with 74.56 parts 
of KCI which contain 35.46 parts of Cl. 

1 Lt. of N AgNO, contains 16.989 Gm., and corresponds to 7.456 
Gm. of KCL. 

1 Ce. is the equivalent of 0.007456 Gm. of potassium chloride, or 
of 0.003546 Gm. of chlorine. 

Observations.—The residual method permits titration of the haloid 
salts in the presence of those compounds which interfere in neutral 
solutions. The nitric acid which is added to the titrated liquid should 
be free from nitrous acid. It should be carefully noted that the 
nitric acid and the indicator are both added after an excess of the 
AgNO, V.S. has been introduced. This practice is necessary par- 
ticularly in titration of an iodide, both nitric acid and ammonium 
ferric sulphate being capable of liberating iodine from a soluble 
iodide, though they do not react with the silver iodide. The precipi- 
tated AgCl is removed by filtration to prevent a reverse action, viz. : 


AgCl + NH,SCN = AgSCN -- NH,Cl and AgCl-+ Fe(SCN), 
— AgSCN + FeCl,, 


which would otherwise take place. On account of these reactions 
taking place the results, without such removal, would be low and the 
end-reaction uncertain. The iodide and bromide of silver, not react- 
ing in this manner, need not be removed. 

Notes.—(a) Ternary Haloid Salts may be determined by this 
method of titration after reduction. As the reducing agent nascent 
hydrogen may be used, but hydroxylamine sulphate has been found 
very efficient. To reduce a portion of a sample with this reagent, 
to about 0.25 Gm. of it, dissolved in 50 Cc. of water, 5 Gm. of solid 
hydroxylamine sulphate and an excess of nitric acid are added. 
After warming, the solution is titrated by Volhard’s method. Am- 
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monium hydroxide is often used in place of nitric acid for the 
reduction, it being of special value in the reduction of iodates. In 
that case the solution, after reduction, is made acid with nitric acid 
and titrated. 

(b) Halogens in Nonelectrolytes must be combined to a metal 
before they can be titrated. Few inethods, out of many, will be 
here suggested. 

1. A portion (0.1 to 0.2 Gm.) of the sample to be determined is 
weighed in a small glass tube, placed with the tube in an erlenmeyer 
flask, 20 to 40 Ce. of 98 per cent. alcohol added, and the contents 
heated on water-bath under a return condenser (fig. 29). Small 
pieces of metallic sodium are dropped in, through the condenser 
tube, until 20 times the theoretical amount of Na, required for the 
halogen present, are added (one atom of the halogen requires 2 of 
Na). After the added sodium has dissolved, 20 to 40 Cc. of dis- 
tilled water are introduced, and the alcohol removed by distillation. 
The solution which remains is cooled, acidified with HNO,, and the 
halogen now present in combination with sodium, determined by the 
Volhard method of titration. This method is of general application. 

2. A weighed portion of the nonelectrolyte is heated in a sealed 
tube with an excess of AgNO, and strong nitric acid (method of 
Carius). After decomposition, the halogen is found combined to 
silver; the unconsumed AgNO, is determined by titration of the 
diluted mixture with standard thiocyanate V.S. In another method 
the substance is decomposed by heating with pure lime in a com- 
bustion furnace, the ignited mass dissolved in dilute nitric acid and 
the halogen in solution determined by titration with X silver nitrate 
V.S. Heating with powdered aluminium, or with alcoholic potas- 
sium hydroxide, under return condenser, is also practiced. 


2. DETERMINATION OF CHLORAL, CHLOROFORM, 
TRICHLORACETIC ACID. 


A portion (0.3 Gm.) of the sample is accurately weighed into a 
suitable erlenmeyer, mixed with 60 Cc. of distilled water, 2 Gm. of 
powdered aluminium are added and the contents heated under a 
return condenser, boiling during 20 minutes. After cooling, the Al 
in excess is dissolved in acetic acid, the solution filtered and, in the 
filtrate, the halogen titrated by Volhard’s method. From the volume 
of N AgNO, V.S. consumed by the halogen, the quantity of the 
organic compound determined is calculated. 

1 Cc. N AgNO, V-S. is the equivalent of 0.00398 Gm. of chloro- 
form, or 0.005514 Gm. of chloral hydrate, or 0.005446 Gm. of tri- 
chloracetic acid, or 0.003848 Gm. of carbon tetrachloride. 


3. DETERMINATION OF IopoFoRM. (In dressings.) 


The sample weighing 5 to 6 Gm., is extracted, by maceration, 
with ether-alcohol (150 Cc.) in a glass-stoppered bottle during 1 
to 2 hours with occasional shaking. One third (50 Cc.) of the 
ethereal solution is drawn off by means of a pipette, transferred to 
a flask and heated with 50 Cc. of N AgNO, V.S. and 5 Cec. of 10 


13 
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per cent. HNO, under return condenser, at water-bath temperature, 
during 20 minutes. After that the ether and alcohol are removed 
by distillation, the residual liquid diluted with water, ammonium 
ferric sulphate added, and the excess of AgNO, titrated with X& 
thiocyanate V.S. From the volume of silver nitrate V.S. consumed 
by the iodine of the iodoform, the percentage of CHI, in the sample 
is calculated. 


CHI, + 3AgNO, + 2H,O = 3AgI + 3HNO, + CO,. 
393-77 3 X 169.89 


1 Ce: of N AgNO, V.S. is the equivalent of 0.013126 Gm. of 
iodoform. 


4. DETERMINATION OF ACETONE. (J. M. Auld.) 


Acetone is converted into CHBr,: by bromine, the product is 
distilled, decomposed by an alkali and the bromide produced titrated 
with standard silver nitrate V.S. 

Volumetric solution required: % silver nitrate. 

Indicator: Potassium chromate solution. 

Into a 500 Ce. flask is placed 0.1-0.2 Gm. of acetone or as much 
of a solution of it as will contain so much acetone, a little water, 
and 20-30 Cc. of 10 per cent. KOH solution are added and the 
flask connected with a return condenser. Through the tube (which 
should be straight) of the condenser (fig. 29), a solution of bro- 
mine in potassium bromide (Br 20, KBr 25 + H,O, q. s., to make 
100 Cc.) is rapidly dropped in until a permanent yellow color is 
imparted to the solution. The contents of the flask are then heated 
on water-bath at 70° C., during one half hour. The color of free 
bromine, which should be only in small excess, is discharged by the 
addition of KOH, and the CHBr, is distilled into a 100 Cc. flask. 
If the contents of the flask are low some water should be added 
before distillation. After distillation, the condenser tube is washed 
out with alcohol, 50 Cc. of alcohol and enough KOH to constitute 
10 per cent. added, and the contents heated under return condenser 
during forty-five minutes, or until the saponification is complete. 
The liquid is then evaporated to near dryness, the residue taken up 
with water, free alkali exactly neutralized with dilute nitric acid, 
water added to make the solution measure a definite volume. Ali- 
quots are then measured out for titration with N AgNO, in the 
presence of potassium chromate solution as indicator. To main- 
tain neutrality some MgO should be added. From the volume of 
N ‘AgNO, V.S. consumed by bromide obtained from the quantity 
of acetone taken and changed into CHBr,, the percentage of acetone 
in sample is calculated. Reactions: 


i CHO nObr ator 
58.06 
= CHBr, + KC,H,O, + 3KBr + 3H,0O. 
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2 3CHBr, + 9KOH + C,H,OH 
eC ON kl, Speer gKBr + FEI, OF 
’ 9 X 79.92( Br.) 
2, KBr + AgNO, = AgBr + KNO,. 


One acetone (58.06) gives CHCl, which gives 3KBr, containing 
3 X 79.92 Br, and reacting with 3 X 169.89 Gm. AgNQ,. 

1 Lt. of N AgNO, V.S. contains 16.989 Gm., and corresponds to 
S29 Gm. acetone. 


1 Ce. of the V.S. is the equivalent of 0.001602 Gm. of acetone. 


5. CHLORIDE AND BRoMIDE TOGETHER. 


Of the sample, 1 to 2 Gm. are dissolved in 150 to 200 Cc. of 
distilled water, 2 to 3 Cc. of Io per cent. solution of ammonium 
persulphate added and the solution heated to between 70° and 80° 
C. until all the bromine is driven off. When free from Br, the solu- 
tion is made to measure a definite volume by the addition of water, 
and the chloride in it determined by titration of aliquot portions 
with N AgNO, V.S._ In another solution of 0.2 to 0.5 Gm. of the 
sample both halogens are titrated with N silver nitrate V.S. Since 
the volume in Cc. of & AgNO, V.S. consumed in the first titration 
corresponds to the chloride, when this is subtracted from the Cc. 
of the V.S. required for the same quantity of the sample in the 
second, the difference represents the volume in Cc. of the V-S. 
which corresponds to the bromide. From these data the calculation 
of the percentage of each ingredient is then readily performed. 


6. CHLORIDE AND lopIpE TOGETHER. 


About 1 Gm. of the sample, accurately weighed, is dissolved in 
too Cc. of distilled water, the solution heated to boiling with an 
excess of ammonium ferric sulphate until all iodine is liberated and 
removed. The iodine-free liquid is titrated by Volhard’s method 
to determine the chloride. 

Both halogens are titrated in another portion of the sample (0.2 
to 0.3 Gm.), and the volume of 4, AgNO, V.S. consumed, noted. 
The Cc. of the V.S. consumed by the chloride in an equal quantity 
of the sample subtracted from Cc. of % AgNO, V.S. consumed by 
both, gives the volume of the V.S. which corresponds to the iodide. 

From these data the percentage of each ingredient in the mixture 
is calculated in the usual manner. 


7. CHLORIDE, BROMIDE AND lopIpE TOGETHER. 


In a weighed quantity of the sample, dissolved in distilled water, 
the iodide is decomposed by sodium nitrite and diluted sulphuric 
acid and the iodine either removed by heating, in which case the 
liquid is titrated for Cl+ Br, or distilled into KI solution for titra- 
tion. The bromide in the I-free solution is decomposed by per- 
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manganate (5 per cent. solution) and the Br distilled into KI solu- 
tion for titration or the residual liquid titrated for chloride. Chlo- 
ride is found by difference or may be determined by titration after 
the other halogens have been removed. 


8. DETERMINATION OF HCN ANDTHE SOLUBLE CYANIDES. (Liebig.) 


Cyanides in alkaline solutions form soluble double cyanides with 
silver which are decomposed by an excess of the silver, AgCN 
precipitating. 

Volumetric solution employed: % silver nitrate. 

Indicator: Potassium iodide solution. 

Accurately weigh 5 Cc. of the solution of dilute hydrocyanic acid or 
0.5 Gm. of a soluble cyanide into the titration flask, dissolve in water 
and dilute to measure 20 Cc. Add to the solution 5 Cc. of 10 per 
cent. ammonium hydroxide, 5 drops of 10 per cent. KI solution and 
titrate with the ,X silver nitrate V.S. Add the V-.S. carefully, in 
small portions, mixing well after each addition until a yellowish 
‘precipitate or turbidity is produced by one drop of the V.S. Hav- 
ing made a check titration, calculate, from the volume of the V.S. 
consumed, the percentage of the acid or of the particular cyanide in 
the sample. The factor for HCN with X V.S. is found from the 
following equations: 


HCN + NH,OH = NH,CN + H,0. 


2NH,CN + AgNO, = AgCN.NH,CN + NH,NO,. 
2 X 27.01(HCN) + 169.89 


169.89 parts of AgNO, react with 2X 27.01 parts of HCN in 
form of NH,CN. 

1 Lt. of § AgNO, contains 16.989 Gm., and corresponds to 5.402 
Gm. HCN. 

1 Ce. of the V.S. is the equivalent of 0.005402 Gm. of hydro- 
cyanic acid. 

Observations.—The end-reaction depends on the precipitation of 
AglI which forms according to the equation: 


KI -+ AgNO, = AgI + KNO,, 


as soon as all the cyanide present is converted into the soluble double 
cyanide of alkali and silver. Since two molecules of the cyanide are 
present in this compound, and therefore are consumed by one silver, 
the § silver nitrate V.S. has the value of a 8 V-S. in this titration. 
The ammonium hydroxide is added to the HCN to form NH,CN 
with the acid and would appear to be unnecessary in the case of a 
cyanide. It is, however, added to alkali cyanides to overcome the 
hydrolytic action of water which is considerable. Insoluble cya- 
nides are decomposed by an acid and the generated HCN distilled 
into an excess of an alkali for titration. 

Total HCN in ferrocyanides may also be determined by distil- 
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lation.t The sample is first heated, with to Cc. of N-NaQOH, then 
15 Ce. of hot 3N magnesium chloride solution added, the mixture 
boiled 5 minutes and, after the addition of 100 Cc. of N mercuric 
chloride solution, the boiling is continued 10 minutes longer. The 
flask is then connected with a distillation apparatus and the contents 
decomposed with 30 Cc. 4N sulphuric acid and the HCN generated 
distilled into 25 Cc. of N-NaOH. A(ffter distillation, the contents 
of the receiver are diluted to 4oo Cc. and titrated with % silver 
nitrate, using KI as indicator. 


9g. DETERMINATION OF THIOCYANATE. 


Volumetric solutions employed: XX silver nitrate and NX thiocyanate. 

Indicator: Ammonium ferric sulphate solution. 

To a suitable portion of the sample (0.2 to 0.3 Gm.), dissolved in 
20 Cc. of distilled water, add the X AgNO, V-.S. in portions until an 
excess has been added. Drop in 1 Cc. of the indicator, acidify with 5 
Cc. of 10 per cent. HNO, and titrate with the X thiocyanate V.S. to 
the appearance of a permanent reddish color produced by a final drop 
of the V.S. From the volume of X silver nitrate consumed by the 
sample the percentage of the thiocyanate i in it is obtained. by calcula- 
tion. In another method of titration, 10 to 20 Cc. of N AgNO, V.S. are 
carefully measured into a titration flask, 5 Cc. of 10 per cent. HNO, 
and 0.5 Cc. of the indicator added and the solution titrated with a 
solution of the sample, the exact strength of which is known. In 
this, as in the other titration, a distinct and permanent reddish color, 
produced by one drop of the solution finally added, indicates the 
end of the reaction. From the volume of une solution of the sample 
required to react with a given volume of N AgNO, V.S. the per- 
centage of the thiocyanate present is calculated. 


NH,SCN + AgNO, = NH,NO, + AgSCN. 
76.13 169.89 


169.89 parts of AgNO, react with 76.13 partsof NH,SCN. Since 
t Lt. of XN AgNO, contains 16.989 Gm., and corresponds to 7.613 
Gm. of NH,SCN, 

1 Ce. of the V.S. is the equivalent of 0.007613 Gm. of ammonium 
thiocyanate, or of 0.005908 Gm. of thiocyanic acid. 


10. CYANIDE AND THIOCYANATE TOGETHER. 


The solution of a suitable quantity of the one is made alkaline 
with KOH diluted to 100 Cc. and titrated with © ‘AgNO, V.S. to 
the production of a precipitate. From the volume of the V.S. thus 
consumed the proportion of the cyanide i is calculated. See cyanides, 
No. 8. The V.S. is then added in excess, the mixture acidified 
with 10 per cent. HNO,, mixed well, filtered, and the precipitate 
washed with acidified water. In the filtrate and washings combined, 
the excess of the AgNO, is determined by titration with f§, thio- 
cyanate, using ammonium ferric sulphate solution as indicator. The 

1 Analyst, 1908, 388, p. 261. 
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total volume of X silver nitrate consumed by the sample, less twice 
the Cc. of it used for the cyanide, gives the volume which corre- 
sponds to the thiocyanate. From this the percentage of the thio- 
cyanate in the sample is calculated. See No. 9. 


II. CHLORIDE, CYANIDE AND THIOCYANATE TOGETHER. 


A portion of the sample, dissolved in water, is titrated for the 
cyanide by Liebig’s method. The volume of N AgNO, V.S. con- 
sumed may be represented by =a. 

To another equal portion, acidified with nitric acid, is added 
AgNO, in excess, the mixture well shaken and filtered, the precipi- 
tate washed and the filtrate and washings combined and titrated with 
N thiosulphate V.S. The volume of N AgNO, V.S. consumed 
corresponds to all three, represented by = b. 

The precipitate is then transferred to a flask and boiled with 
concentrated HNO, (1.4) during 45 minutes to oxidize the cyanide 
and thiocyanate, the mixture diluted to 100 Cc., a solution of - 
Ba(NO,), added to precipitate the sulphate formed, and the clear 
liquid, without filtering, titrated with N thiocyanate V.S. and am- 
monium ferric sulphate solution as the indicator. The volume of 
N_V.S. consumed corresponds to the cyanide and thiocyanate desig- 
nated as==c. 

From these data the percentage of each ingredient is then calcu- 
lated in the usual manner. It will be seen that b>—c=the volume 
of X V.S. corresponding to the chloride, and c—a gives the volume 
of the V.S. corresponding to the thiocyanate present. 


12, DETERMINATION OF CHLORATE AND BROMATE. (Scholtz.) 


The ternary compounds containing halogens are reduced to the 
corresponding binary salts by a nitrite in the presence of nitric acid. 
Volumetric solutions employed: X silver nitrate and X thiocyanate. 

Indicator: Ammonium ferric sulphate solution. 

For each titration 0.25 to 0.4 Gm. of the sample is to be taken. 
The accurately weighed portion is dissolved in 100 Cc. of distilled 
water, 10 Cc. of HNO, (sp. gr. 1.2) added, then 10 Cc. of 10 per 
cent. NaNO, introduced and the mixture allowed to stand, at room 
temperature, during 15 minutes. After complete reduction an excess 
of N silver nitrate V.S. is run in (about 40 Cc.), 5 Cc. of the indi- 
cator are added and the mixture filtered, if a chlorate be treated. 
In the filtrate and washings the excess of silver is titrated with & 
thiosulphate V.S. Reduced bromate requires no filtration. From 
the volume of the X% AgNO, consumed by the sample, the percentage 
of the particular salt present is calculated. 


KCIO, +3HNO, = KCl + 3HNO,. 

122.56 

KCl + AgNO, == Ag@l -- KNO,. 
169.89 


169.89 parts of AgNO, react with the chloride resulting from 
r22750 parts KClO:. 
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1 Lt. § AgNO, contains 16.989 Gm., and corresponds to 12.256 
GmeorKClos 

1 Ce. of the V.S. is the equivalent of 0.012256 Gm. of potassium 
chlorate, or of 0.016702 Gm. of potassium bromate. 

Factors for other salts are derived in the same way. 

Observations—No heat is required to bring about the reduction. 
The excess of the nitrous acid, although it is claimed to be without 
effect on the results of the titration, is best destroyed by a dilute 
solution of permanganate. The solution is added up to the produc- 
tion of a distinct pink color which is then discharged by a drop or 
two of the nitrite solution. If a chloride be present in the sample, 
it is determined by titration of a separate portion by Volhard’s 
method and the quantity of it found, allowed for in the calculation 
of the percentage of the chlorate or bromate. Chloride may also 
be titrated in the same portion with the chlorate by titration accord- 
ing to Mohr’s method, previous to reduction. When in this titration 
the red color of the end-reaction appears, nitric acid and the nitrite 
solution are added and the method above given followed. The vol- 
ume of the V.S. consumed in titration before reduction corresponds 
to the chloride; that consumed in titration after the reduction corre- 
sponding to the chlorate. The reduction of bromate is more rapid 
and titration may be proceeded with after 5 minutes’ digestion. 
Unless the nitrite is known to be entirely free from chloride a blank 
titration of it should be made and correction applied. 


13. CHLORATE, BROMATE AND JopATEe. (Brunner and Mellet.) 


Reduction to binary compound is effected by formaldehyde and a 
persulphate, the halogen being in each case determined by Volhard’s 
titration. 

Volumetric solutions required: N silver nitrate and § thiocyanate. 

Indicator: Ammonium ferric sulphate. 

To 0.1 Gm. of the sample, dissolved in 20 Cc. of water, 10 to 20 Ce. 
of accurately measured HX silver nitrate V.S. are added, the mixture 
acidified with 5 Cc. of nitric acid (1.4), 1 Gm. of K,5,O, and 1 Cc. 
of 4o per cent. formaldehyde introduced, and the mixture heated 
on water-bath until the odor of formaldehyde has disappeared. 
With iodate, 2 Gm. of the persulphate and 5 Cc. of the formalde- 
hyde are used, and the mixture heated over direct flame. After 
complete reduction the solution is cooled, 5 Cc. of the indicator 
added and the excess of AgNO, titrated with { thiocyanate V.S. 
Calculation of percentage is based on the volume of the 7% silver 
nitrate V.S. consumed by the sample taken, the factors required 
being derived as illustrated under the method of Scholtz. 


14. DETERMINATION OF HYDROGEN SULPHIDE AND THE 
SOLUBLE SULPHIDES. 


The sulphide in solution is brought into reaction with an excess 
of standard silver nitrate V.S. and the excess of the V.S. deter- 
mined by titration. 

Volumetric solutions required: X silver nitrate and J thiocyanate. 
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Indicator: Ammonium ferric sulphate. 

Into a 200 Cc. bottle, provided with a well-fitting stopper, are 
measured 20 to 50 Cc. of the % AgNO, V.S., a suitable volume 
of the sulphide solution which should be free from halogens and 
other silver-precipitating compounds, is added, and the contents 
thoroughly shaken. The mixture is then diluted, with water, to 
measure to a definite volume, allowed to stand until the precipitate 
deposits, and then aliquot portions of the clear liquid are drawn off 
for titration of the unconsumed AgNO, with the X, thiocyanate V.S. 
From the volume of % AgNO, V.S. consumed by the sample, the 
percentage of the dissolved sulphide or H,S present is calculated. 


ZENO naa oma AGS 1 eztINO 
2 X 169.89 + 34.09 


1 Cc. of XX silver nitrate is the equivalent of 0.0017045 Gm. 
OnE: 

In the presence of halogens or other substances reactive with 
silver, the H,S is distilled into an excess of standard silver nitrate 
V.S. made alkaline with ammonium hydroxide. Soluble sulphides, 
or other decomposable sulphides, are heated with acetic acid and 
the H,S evolved, passed into the alkaline AgNO,. When the dis- 
tillation is completed, the Ag,S precipitate is filtered off, washed, 
dissolved in HNO, the solution evaporated, the residue dissolved 
and the solution of silver nitrate thus obtained titrated with X thio- 
cyanate V.S. From the quantity of silver found the percentage 
of H.S or of the sulphides treated is calculated. 


15. DETERMINATION OF SILVER. I. (Mohr.) 


An excess of a standard sodium chloride solution is added to 
precipitate all the silver present, and the unconsumed NaCl is titra- 
ted with standard AgNO, V.S. 

Volumetric solutions employed: #§ sodium chloride and X silver 
nitrate. 

Indicator: Potassium chromate. 

Accurately weigh about 0.5 Gm. of the sample, dissolve in 10 
Ce. of distilled water, or if a solution, measure of it that volume 
which will contain approximately as much AgNOQO,, neutralize the 
solution if necessary with MgO and, from a burette, run in an 
excess of the N NaCl V.S. (about 35 Cc.). Mix the contents of 
the flask well, add 3 to 4 drops of the indicator and titrate with the 
qj silver nitrate V.S. Add the V.S. in small portions under constant 
agitation until one drop of it finally produces a permanent reddish 
color to be seen in the precipitated AgCl. To confirm the accu- 
racy of the titration another or several should be carried out. 
Since the V. solutions employed are both of the tenth-normal 
strength, the Cc. of silver nitrate V.S. consumed are simply sub- 
tracted from the Cc. of the % NaCl added and, from the differ- 
ence, which represents the volume of 4 NaCl V.S. consumed by 


SILVER. 185 


the sample, the percentage of silver found is calculated. The factor 
for Ag with N V.S. is derived from the equation: 


AgNO, + NaCl = AgCl + NaNO,. 
169.89 58.46 


58.46 parts of NaCl react with 169.89 parts of AgNO, which 
contain 107.88 parts of Ag. 

1 Lt. of N NaCl contains 5.846 Gm., and corresponds to 16.989 
Gm. of AgNO,. 

I Cc. of the V.S. is the equivalent of 0.016989 Gm. of silver 
nitrate, or of 0.010788 Gm. of metallic silver. 

To calculate: 


Ce. of X NaCl consumed & 0.010788 X I00 


Weight of sample SSUES es 


Observation.—The solution of the sample should be neutral in 
reaction and should not contain interfering metals such as Pb, Bi, 
Sb and Hg (ous). 


16. DETERMINATION OF SiLveR. II. (Volhard.) 


Volumetric solution employed: X thiocyanate. 

Indicator: Ammonium ferric sulphate solution. 

The titration for determination of silver is carried out in the 
manner given for the standardization of X thiocyanate with % 
silver nitrate V.S. On account of the large quantity of AgSCN 
formed, the end-reaction lacks sharpness. To overcome this, the 
mixture is filtered when nearly all of the silver present is precipi- 
tated and, after washing the precipitate with a very dilute HNO,, 
the filtrate and washings combined, are titrated with the N thio- 
cyanate V.S. and ammonium ferric sulphate as indicator. One 
drop of the V.S. should finally produce a distinct, permanent red- 
dish color. 


AgNO, + KSCN = AgSCN + KNO,. 
169.89 “97.18 


97.18 parts of KSCN react with 169.89 parts of AgNO, con- 
taining 107.88 parts of Ag. 

t Lt. of X% KSCN contains 9.718 Gm., and corresponds to 16.989 
Gm. of Ag. 

1 Cc. of the V.S. is the equivalent of 0.016989 Gm. of silver 
nitrate, or of 0.010788 Gm. of metallic silver. 

Observations—Copper may be present to the extent of 60 per 
cent. but not more. If in excess of this proportion its reduction 
may be brought about through the addition of pure silver, or of 
silver nitrate, the quantity added being accurately weighed. Other- 
wise the precipitate obtained with an empirical thiocyanate V.S. 
is filtered off, washed, transferred to an erlenmeyer flask and decom- 
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posed by boiling with HNO, (1.4) during 45 minutes. After the 
sulphate produced in the reaction is separated from the solution by 
the careful addition of Ba(NO,), solution, the silver is titrated, 
without filtering off the BaSO,, with the X thiocyanate V.S. 

Organic compounds containing silver are burned and ignited in 
a porcelain or silica crucible, the residue dissolved in dilute nitric 
acid, the solution diluted and titrated. 


17. ASSAY OF SILVER. 


For very accurate determination of silver (testing of silver 
alloys) the method of Gay-Lussac, in which the silver is titrated 
in an acid solution with standard sodium chloride V.S. without an 
indicator, is employed. Two empirical V.S. of chemically pure 
NaCl are needed; one is prepared of such strength that 1000 Cc. 
of it are required to nearly completely precipitate 5 Gm. of pure 
silver in solution in HNO,; the other is made exactly one tenth 
as strong by a careful dilution of the first with distilled water. The 
exact strength of these solutions is established by titration with 
0.5 Gm. of pure silver.t. The pure silver is dissolved in nitric 
acid (1.2), the solution is boiled to remove nitrous acid and then 
titrated, first, with the stronger NaCl solution. . When 100 Cc. 
of this solution have been added, the Ag present is nearly all pre- 
cipitated and the titration is completed with the weaker NaCl solu- 
tion, which is added in 0.5 Cc. portions, the titrated liquid being 
shaken between additions, until the V.S. ceases to produce a precipi- 
tate. The volumes of the two solutions used are then properly added 
and their sum accepted to represent a fineness of 1000, for con- 
venience designated as “1000 silver.” To assay a sample of silver 
alloy, nearly the same quantity of silver (0.5 Gm.) must be taken 
for a titration. This is provided for by finding out the approximate 
amount of silver present in the sample by cupellation or by Vol- 
hard’s titration of a separate portion and then employing that quan- 
tity of the alloy which will contain 0.5 Gm. of silver, or by making 
up the deficiency with the necessary quantity of pure silver. The 
sample is then dissolved and the solution titrated as in the standard- 
ization of the V.S. From the volume of NaCl V.S. consumed the 
fineness of the silver assayed is directly found. 


18. DETERMINATION OF COPPER. 


Cuprous thiocyanate is precipitated by a standard thiocyanate in 
excess and the unconsumed thiocyanate found by titration. Ag, 
Hg, halogens and cyanides must be absent. 

Volumetric solutions employed: X ammonium thiocyanate and 
XN silver nitrate. 

Indicator: Ammonium ferric sulphate solution. 

A suitable quantity for titration is 0.3 to 0.4 Gm. of crystalline 
CuSO,. Dissolve the accurately weighed portion in 20 Cc. of water, 
neutralize with Na,CO, solution, if necessary (though the solution 
may be weakly acid), add 10 Cc. of 6 per cent. sulphurous acid, 


*See method of preparation, page 16s. 
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heat to boiling and precipitate with N, ammonium thiocyanate V.S. 
Add the V.S. slowly to the hot liquid until the green precipitate, 
first produced, gives place to a white CuSCN or until an excess of 
the V.S. has been added. Confirm this by removing a drop of the 
clear supernatant liquid and add to it, in a test tube, a few drops of 
the thiocyanate and, if necessary, add more of the V.S., returning 
the test portion. When the precipitation is completed, transfer 
the mixture to a 500-Cc. measuring flask, dilute it to 300 or 400 Ce. 
with distilled water, let stand 15 minutes, and add water to make 
it measure exactly 500 Cc. Filter through a dry paper, reject the 
first portion of the filtrate and titrate the remainder in aliquot 
portions (100 Cc.). To each such portion add X silver nitrate 
V.S. in excess, acidify with HNO,, introduce the indicator and 
titrate with the 4, thiocyanate V.S. so that finally one drop of the 
V.S. shall produce a distinct reddish color. From the volume of 
XN, thiocyanate V.S. consumed by the sample, calculate the per- 
centage of the copper salt or of Cu present. The principal reac- 
tion is represented: 


ZOU OSH, --9 aN SCN -—--= = 53S@, 
2 X 249.74 2 X 76.13 
= UUS GN Te (NE SO = 2b SO clash. O.- 


76.13 parts of NH,SCN react with 249.734 parts of crystalline 
CuSO, containing 63.57 parts of Cu. 

1 Lt. of © NH,SCN contains 7.614 Gm., and corresponds to 
2407 AGI Or CUO 25 EO! 

1 Ce. of the V.S. is the equivalent of 0.024974 Gm. of crystalline 
copper sulphate, or of 0.006357 Gm. of metallic copper. 

Observations—Should a black precipitate be produced on_addi- 
tion of the X thiocyanate V.S., an insufficient amount of SO, is 
indicated. Halogens, in a sample to be titrated, are removed by 
repeated evaporation with HNO. Nitric acid dissolves CuSCN 
giving low results; the acid should be neutralized. To remove Ag, 
Pb, Hg or Sb when present, the solution in nitric acid of a portion 
to be taken for titration is evaporated with a little sulphuric acid 
until white fumes of SO, are given off, the residue taken up with 
water or with dilute HCl when silver is present, the mixture filtered 
and the precipitate washed free from copper. In the filtrate and 
washings combined, the copper is titrated as given above. 


19. DETERMINATION oF BismuTH. I. (Method of Frerich.) 


Freshly precipitated Bi,S, reacts quantitatively with AgNO,. An 
excess of standard silver nitrate is added and the excess titrated 
by Volhard’s method. 

The bismuth in a solution of the portion taken for analysis, is 
precipitated by H,S, the precipitate washed with H,S water at first, 
then with water to completely remove H,S and chlorides. The 
washed precipitate is transferred to a graduated, glass-stoppered 
100 Ce. cylinder, for each 0.1 Gm. of Bi, 25 Cc. of accurately meas- 
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ured N silver nitrate are added and the contents shaken vigorously 
during one half hour. The mixture is then diluted to any definite 
volume (100 Cc.), allowed to deposit the precipitate of Ag,S and 
aliquot portions of the clear liquid are titrated with X thiocyanate 
V.S. in the presence of ammonium ferric sulphate as indicator. 

I Cc. of X AgNO, is the equivalent of 0.006933 Gm. of bismuth, 
or of 0.007733 Gm. of bismuth oxide. 


20. DETERMINATION OF FORMALDEHYDE. (The Cyanide Method.) 


Formaldehyde forms, with KCN, a soluble compound which in 
acid solutions does not react with silver nitrate. The formalde- 
hyde to be determined is made to react with an excess of standard 
KCN and the excess of the reagent titrated. 

Volumetric solutions employed: X silver nitrate, N thiocyanate 
and empirical potassium cyanide. The exact relation between the 
cyanide and N AgNO, V-.S. is established by titration at the time of 
the determination. 

Indicator: Ammonium ferric sulphate solution. 

To 15 or 20 Ce. of NX AgNO, V.S., accurately measured into.a 
100-Ce. flask, are added 10 drops of 50 per cent. nitric acid, and 10 
Ce. of the empirical KCN V.S. run in from a burette. The mixture 
is diluted to 100 Cc. with water, shaken well and filtered through a 
dry filter, the first portion which passes through being rejected. Of 
the filtrate, 50. Cc. are titrated with N ammonium thiocyanate V.S. 
in the presence of 5 Cc. of ammonium ferric sulphate solution as 
indicator. This gives the ratio of KCN solution to the # 
AgNO, V.S. 

To assay a sample of formaldehyde solution, 30 to 40 Cc. of the 
KCN V.S. are accurately measured into a flask and to it are added 
10 Ce. of the sample solution containing about 0.2 Gm. of a 40 
per cent. solution of formaldehyde, then an excess (10 to 20 Cc.) 
of X silver nitrate V.S., the mixture acidified with HNO, and 
diluted to 100 Ce. After thorough shaking the mixture is filtered 
through a dry filter, the first portion of the filtrate being rejected. In 
50 Cc. of the filtrate the excess of AgNO, is determined by titration, 
with N thiocyanate V.S., using ammonium ferric alum solution as 
indicator. 

From the volume of standard potassium cyanide V.S. consumed 
by the formaldehyde, the percentage of the latter, present in the 
sample, is calculated. 


HCOH + KCN = KOCH,CN. 


30.02 
AgNO, + KCN=AgCN + KNO,,. 
AgNO, + NH,SCN = AgSCN + NH,NO,. 


1 Cc. of X V.S. is the equivalent of 0.003002 Gm. of HCOH. 
For calculation of results, the volume of a tenth-normal V.S. 
which is the equivalent of the Cc. of the empirical KCN V.S. may 
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be found, or the value of one Cc. of the solution calculated and 
employed as the factor. Acetaldehyde, if present, will give higher 
results, especially if the mixture be allowed to stand some time; 
hence the titration should be performed with expedition. Acetone 
and benzaldehyde, when present, do not affect the results. The 
method gives good results with very weak solutions of formalde- 
hyde. 


21. DETERMINATION OF BismutH. II. (Rupp and Schaumann.) 


Bismuth dichromate is precipitated by an excess of standard 
potassium chromate, and the excess of the reagent titrated iodo- 
metrically. 

Volumetric solutions employed: Standard potassium chromate and 
N sodium thiosulphate. The standard potassium chromate may be 
prepared by dissolving the required quantity of pure K,CrO, in 
water, or is conveniently obtained by adding to a strong solution 
of K,Cr,O, a solution of KOH until red with phenolphthalein and 
discharging the red color with dilute acetic acid, then diluting to 
a definite volume. In either case the V.S. should be standardized 
with the thiosulphate. 

To 30 Cc. of the standard chromate contained in a flask, add the 
solution of the Bi salt which should contain the least quantity of 
free acid and not more than 0.1 Gm. of Bi, dilute to 100 or 200, 
mix well by shaking during Io minutes and filter through a dry filter, 
rejecting the first portion that passes through. The filtrate, which 
should be tested for the absence of Bi with a few drops of ammo- 
nium hydroxide is then titrated in 20 Cc. portions, adding to each, 
1 Gm. of KI and to Cc. sulphuric acid (1+ 5). Let stand 5 min- 
utes, dilute with an equal volume of water and titrate with the §§ 
thiosulphate with 1 Cc. of starch solution, added when the color of 
the titrated liquid becomes yellow. One drop of the V.S. should 
finally discharge the blue color. From the volume of standard 
chromate consumed by Bi, calculate the percentage of the metal in 
sample. The reactions involved are represented: 


2BIEN Og) geet = 2K CLO .aces lt. ©) 
2 X 208(Bi) 294.4 (K2CrzOr) : 
= (BiO),Cr,0, + 4KNO, + 2HNOQ,. 
2K,CrO, += 6K) + (8H,S50, 
== 6l4-SK.SO, = Cr,(SO;), + SHO: 


61 + 6Na,S,0,-5H,O = etc. 
6 X 248.24 


2X 208 Gm. of Bi, in bismuth salt, react with 294.4 parts of 
K,Cr,O, as 2K,CrO,. This quantity of the dichromate liberates 
6 & 126 92 parts of iodine which require 6 X 248.24 parts of sodium 
thiosulphate for combination; the relation among these substances 
being: 
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208 Bie KCr,O7==3 > 120:02 13 XK 248.24 Na,5,0,-5 EO. 


t Lt. of X K,Cr,O, contains 4.9066 + Gm., and corresponds to 
6.933 + Gm. of Bi. 

1 Ce. of the V.S. is the equivalent of 0.006933 + Gm. of metallic 
bismuth. 

Observations.—It is evident that an excess of N chromate V.S. 
must be employed, and this must be at least twice the volume needed 
to precipitate all the Bi present. While HNO,, which has a solvent 
action on bismuth dichromate and would liberate iodine if uncom- 
bined, is produced in the reaction, it becomes harmless through its 
reaction with the excess of the chromate as follows: 


K,CrO, +2HNO,=K,Cr,O, + 2KNO,. 


This also explains why the dichromate can not be used for precipi- 
tation. Neutralization of the free acid in the Bi salt solution or 
that formed in reaction with an alkali or an acetate is not to be 
practiced. 

For accurate results the X potassium chromate should be stand- 
ardized with a standard solution of pure bismuth nitrate, the stand- 
ardization being made under the conditions of the determination. 
The measuring vessels should be in perfect agreement and measur- 
ings carefully performed. 

Though many other methods have been proposed and recom- 
mended for the determination of Bi volumetrically, they are all more 
or less difficult of execution and are not free from the incubus of 
all volumetric methods for bismuth which arises from the tendency 
of this element to form basic compounds of variable composition. 
Small quantities of Bi may be determined colorimetrically. 


22. DETERMINATION OF ZINC. 


Volumetric solution employed: Standard potassium ferrocya- 
nide V.S. 

Indicator: Uranium acetate solution. 

Accurately weigh of a salt or employ of a solution such quantity 
as to contain 0.1-0.5 Gm. of zinc. Dissolve, acidify the solution, 
oxidize Fe with Br and remove it by precipitation with ammonium 
hydroxide (see standard ferrocyanide V.S.), or, by boiling the solu- 
tion, just acidified with HCl, with aluminium foil during 3 minutes. 
The foil is then removed. Al removes Fe, Pb, Cu and Cd by precipi- 
tation, while its salts have no effect on K,FeCN,. Add to the 
solution, free from the interfering metals, some NH,Cl (1 Gm.), 
acidify with HCl, if necessary, dilute to 150 Cc. and titrate with the 
standard ferrocyanide V.S. in the manner in which the V.S. was 
standardized. From the volume of standard potassium ferrocya- 
nide consumed in this and another titration, the percentage of zinc 


present is readily calculated by employing the nearest factor found 
in the standardization of the V.S., q. v. 


ZINC, IgI 


Observations—Ammonium chloride helps to settle the precipitate 
and makes the end-reaction sharper. Hydrochloric acid, which also 
helps to produce a sharp end-reaction should not exceed 10 Ce. 
concentrated acid per 150 Cc. of a solution containing 0.2 Gm. zinc. 
Manganese is removed by Br water, or by H,O,. Nitrates and 
chlorates, in small quantities, do not interfere. Traces of Br. or NO, 
which act on K,FeCN, are destroyed by Na,SO,; 2 drops of its 
10 per cent, freshly made solution will be found sufficient to remove 
these and reduce any ferricyanide formed. Titration should begin 
at nearly 80° C. and be finished at about 4o° C. With the increas- 
ing quantities of Zn the value of the factors will be found increased. 

For example, 20 Cc. Zn solution gives 0.005152; 50 Cc.==0.005195 ; 
70 Cci==.01005206' and 100 Cc.==0:005233 Gm: 

Calcium chloride, sodium citrate and acids disturb the end-reaction 
through their solvent action on uranium ferrocyanide. 

Nickel can be titrated with standard potassium ferrocyanide V.S. 
and UO,(C,H,O,), indicator, in the manner given for determina- 
tion of zinc. The solution to be titrated should contain a small 
but constant quantity of acetic acid. In applying the drop end- 
reaction test it is suggested to transfer a little of the liquid to 
two thicknesses of filter paper, adding the indicator to the lower 
one. This first serves to filter out any precipitate in suspension 
which would intérfere in the reaction. Iron and other metals must 
of course be absent. 


23. DETERMINATION OF THE SOLUBLE SULPHATES. 


Sulphates are precipitated with standard BaCl, in excess and the 
excess titrated with standard chromate V.S. 

Volumetric solutions employed: X chromate and standard BaCl,. 
The X chromate is made by dissolving 7.363 Gm. of pure potassium 
dichromate in water, adding ammonium hydroxide to weakly alka- 
line reaction, and diluting to 1000 Cc. at standard temperature. The 
BaCl, solution should contain about 12.20 Gm. of the crystalline 
salt in 1000 Ce. and should be standardized with the X chromate. 

For the determination, a suitable quantity of the sample is dis- 
solved in water, the solution heated, neutralized, if necessary, and the 
standard BaCl, run in slowly from a burette until an excess has 
been added. The mixture is then heated to boiling and the excess 
of the BaCl, titrated with the X chromate V.S. The addition of 
the standard chromate should be made in 0.5 Cc. portions until, after 
mixing, the supernatant liquid is yellow colored. This color should 
be discharged by 0.2 to 0.4 Cc. of the standard BaCl,. From the 
volume of the standard BaCl, solution consumed by the sample, the 
percentage of the particular sulphate is calculated. To represent 
the reactions: 


Na-5O 7, -- oo BaCl = Bas O). (2 Nac). 
mi pe 7) 
2BaCl, + K,Cr,O, + 2NH,OH = 2BaCrO, + 2KCl + 2NH,Cl. 
204.4 
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Note.—Other acids which precipitate barium must be absent. 
Carbonates are removed by heating with dilute acid and neutralizing 
before the addition of standard BaCl,. If only a small quantity of 
a carbonate is present or the sample contains dissolved CO,, the 
addition of a few drops of CaCl, solution will separate the CO,,. 
When the sample contains Mg, Zn or Cd some ammonium chloride 
should be added before titration. 

Sulphuric acid and the soluble sulphates may be also determined 
with a solution of BaCrO, in HCl. In the reaction with a sulphate, 
barium sulphate and an equivalent quantity of a soluble chromate 
are formed; the chromate is then determined iodometrically. 

According to T. Cooksey (J. Proc. Roy. Soc., N. S. W., 1907, 41- 
216), sulphuric acid is titrated with BaCl, and Na,CO, V.S. The 
standard BaCl, V.S. is added in excess, the mixture stirred with 
alcohol and the excess of BaCl, titrated with standard Na,CO, V.S. 
From the volume of standard barium chloride V.S. consumed by 
the acid the percentage of SO, is calculated. 


24. DETERMINATION OF PHOSPHORIC ACID AND THE SOLUBLE 
PHOSPHATES. 


Volumetric solution employed: Empirical uranium acetate. 

Indicator: Potassium ferrocyanide solution. 

Dissolve a suitable quantity of the sample (to consume from 
20 to 30 Cc. of the V.S.), neutralize with NH,OH, dissolve any 
precipitate formed in acetic acid, add 10 Cc. of an alkali acetate 
solution, acidify with acetic acid, if necessary, and heat to boiling. 
Titrate the hot solution with the standard uranium acetate V.S. in the 
manner in which the solution is standardized, page 169, titrating to 
the same shade of reddish-brown color accepted as the end-point in 
the standardization. From the volume of the V.S. consumed and 
obtained as an average of two or more agreeing titrations, calculate 
the percentage of the phosphate present. The result is commonly 
expressed in terms of P,O;. For calculation: 


Cc, of, V5. consumed Cequivsot 1.CC.C1co 
Weight of sample 


——per cent.,oir 0. 


Note.—Iron and aluminium, when present, interfere. Their phos- 
phates, being insoluble in acetic acid, separate from solutions acidi- 
fied with acetic acid ; these metals must, on this account, be removed. 
If the quantity of the precipitate of Fe and Al phosphates is small, 
I per cent. or less, the washed precipitate may be ignited and one 
half of its weight considered as P,O;; when a large amount is 
found, the precipitate is dissolved in nitric acid and the phosphoric 
acid contained in it determined gravimetrically. 

Soluble arsenates are titrated like the phosphates. Arsenous acid 
and its salts must, of course, be oxidized before titration. 

Phosphates may also be determined by precipitation as ammonium 
phospho-molybdate in acid solution. The yellow precipitate is 
washed, dissolved in standard alkali in excess and the excess titrated 
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with standard sulphuric acid, using phenolphthalein (Pemberton’s 
method). Since the composition of the yellow precipitate has been 
found to vary with concentrations of the solution of a sample, as 
well as of the reagents used, and the duration of heating, etc., it 
is essential that titrations be made under fixed conditions. Sul- 
phates in the sample are objectionable and should be removed by 
BaCl, solution. 


SUGARS. 


25. DETERMINATION OF REDUCING SUGARS. 


Glucose (dextrose, levulose), invert sugar, milk sugar and maltose. 

Volumetric solution employed: Standard alkaline cupric tartrate. 

Into a 50 Cc. erlenmeyer flask measure exactly 10 Cc. of the 
Fehling solution, add 10 Cc. of distilled water, heat rapidly to boil- 
ing and titrate the hot solution, which should be perfectly clear, 
with a solution of the sample. The sample solution, 0.5 to 1 per 
cent. (its exact strength must be known), is run in from a burette 
in small portions, the mixture quickly brought to boil after each ~ 
addition, until all copper is precipitated as cuprous oxide, at which 
point boiling is kept up for 2 minutes longer. The end-point of the 
reaction becomes known by the disappearance of the blue color of 
the solution; the absence of copper in the titrated liquid may, how- 
ever, be ascertained by testing drop portions of it, removed to a clean 
watch glass and acidified with acetic acid, with a drop of potas- 
sium ferrocyanide solution. The absence of Cu is indicated by the 
nonproduction of a brown color. The first titration should serve 
as a trial test to show, approximately, the volume of a sugar solution 
required to reduce a definite volume of the V.S. In the subsequent 
titrations nearly all of this volume of the sample is run into the hot 
Fehling solution at once, the mixture boiled 2 minutes, and the 
titration completed with 0.2 Cc. portions of the sugar solution. 
From the volume of the solution of the sample consumed in the 
titration, the quantity of reducing sugar is easily found and the 
percentage of sugar in sample calculated. If, for example, the 
solution of the sample contained 0.564 Gm. of the sample in 100 
Ce. and 9.5 Cc. of the solution were consumed to reduce 10 Ce. 
of the Fehling solution, then, since 10 Cc. of the V.S. correspond 
to 0.05 Gm. of glucose, it is evident that the titration indicates that 
much glucose in 9.5 Cc. of the sample solution. As these 9.5 Cc. 
of the solution were made to contain 0.051258 Gm. of the sample, 
the percentage of glucose in the sample is: 


0.05125 :0.05:: 100: 4. 
4097.54 per cent. 


Observations.—The number of reboilings should be as small as 
possible; lactose requires 6 minutes boiling. Substances which 
reduce Fehling solution on heating, such as chloroform, phenyl 
hydrazine, uric acid, creatinine, salicylic acid, etc., must not be 


14 
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present in the solution of the sample. Dark-colored solutions 
(some urines) are often decolorized, previous to titration, with 
milk of lime, suspended aluminium hydroxide or basic lead acetate. 
When lead subacetate is used it is important to remove all lead 
from the solution, best with Na,CO,. It has been observed (Soxh- 
let) that the reducing power of glucose is influenced by the con- 
centration of the solutions used in determinations. Thus if, at 
any time, more copper salt is present than the sugar can reduce, its 
reducing power is increased, and conversely, by adding the sugar 
to the copper solution in a number of successive portions, the 
reduction of copper becomes a decreasing quantity. Therefore, the 
factor for glucose with Fehling solution can not be generally ac- 
cepted as true, being so only for a certain set of conditions. As 
a rule the V.S. should be standardized with a pure sample of that 
sugar which is to be determined, and the titration for standardiza- 
tion exactly duplicated in the determination. 

Levulose is decomposed when heated with alkalies. Solutions of 
sugar for titration of the Fehling solution should be about 0.2 per 
cent. strong. I Gm. of pure glucose corresponds from 195 to 205 
Gevof the alkaline? Cu’ tartrate VS. 

An indicator has been recommended for use in this titration. 
Its composition is: ammonium thiocyanate 1.5, ferrous ammonium 
Stuphatest (Gm. oti Cle Uo Po 22:59 Co, nand owatet slOu Commune 
solution is decolorized by the addition of zinc dust. If need be, 
the addition is repeated, though too often decolorization decreases 
the sensitiveness of the indicator. The drop end-point method is 
used and the test is made by bringing a drop of the titrated liquid 
into the middle of a drop of the indicator on a white plate. Red- 
brown color indicates the presence of copper and no brown color, 
finally, the end-reaction. 

To overcome the disturbing influence of the precipitated Cu,O 
on the observation of the end-reaction, Gerard has modified the 
method of titration as follows: To 10 Cc. of the Fehling solution 
are carefully added portions of 5 per cent. KCN solution until it 
is just decolorized, the colorless liquid is mixed with exactly to 
Ce. of the Fehling solution and the warm mixture titrated with the 
sugar solution to decolorization. The Cu,O, otherwise separating, 
remains dissolved. Calculation is based on Io Cc. of the V.S. 

1o Cc. of alkaline cupric tartrate V.S. require, for complete 
reduction to Cu,O, 0.05 Gm. dextrose, 0.05 Gm. levulose, 0.05 Gm. 
invert sugar, 0.0475 Gm. cane sugar (inverted), 0.0806 Gm. maltose, 
0.0678 Gm. milk sugar, 0.045 Gm. starch (hydrolyzed). 


26. MALTOSsE IN MALT-EXTRACT. 


A solution of the sample, 0.1 per cent. strong, is prepared and 
employed for titration of 10 Cc. of the Fehling solution as described 


806 : 
under glucose, see 25. Coca cent. of maltose in the sample. 
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27. DETERMINATION OF THE DIASTATIC VALUE OF MALT oR 
Matt Extract. 


Solution of potato starch is prepared in the usual manner. Of 
this solution a quantity, equal to 1 Gm, of dry starch, is prepared 
by mixing 1 Gm. of pure starch with a few Cc. of cold distilled 
water and pouring the mixture into 65 Cc. of boiling water, the 
starch being completely washed out with small portions of cold 
water. The mixture is made to measure 80 Cc. and boiled 1 minute 
to complete the gelatinization of the starch. When the starch 
solution, thus obtained, has cooled to 40° C., 20 Cc. of 1 per cent. 
solution of the malt-extract are added, the mixture stirred and kept 
at 40° C. during one half hour. By heating then to 100° C. the 
action is interrupted and, on cooling, the solution is employed for 
titration of 10 Cc. of the alkaline copper tartrate V.S. See No. 25. 

806 
Ce. used 
preexisting maltose and subtracting this from the total percentage 
found, the maltose produced by the diastase in one half hour, at 
100 
84.4 


—=per cent. of total maltose. By finding the percentage of 


40° C., is obtained. Of this value is the quantity of converted 


starch. 
28. DETERMINATION OF CANE SUGAR. 


The nonreducing sugars become reducing by inversion. This is 
brought about by heating with a dilute acid. To invert a portion 
of a sample for titration 0.5 Gm. of it is dissolved in 50 Cc. of 
water, 5 Cc. of concentrated HCl added, and the solution gradually 
heated to 70° C., and maintained at this temperature during 5-8 
minutes. After cooling, the solution is neutralized with NaOH or 
Na,CO, solution, made up to a definite volume (100 Cc.) and em- 
ployed for titration of 10 Cc. of the alkaline cupric tartrate V.S. 
as given under reducing-sugars. 

1 Cc. of Fehling solution is the equivalent of 0.00475 Gm. 
sucrose. 

29. DETERMINATION OF STARCH. 


Starch is hydrolyzed by heating with an acid. This treatment is 
direct, or, when other copper-reducing substances are present in 
the sample, after digestion of the sample with diastase. In either 
case 2 Gm. of the sample are mixed with water and kept at the 
temperature of boiling water during 15 minutes, cooled, diluted to 
200 Cc. and heated with 20 Ce. of HCI (1.125) under a return con- 
denser (Fig. 29) during two and one half hours. The solution, on 
cooling, is neutralized with NaOH, made up to 250 Cc., filtered, if 
necessary, and used for titration as the glucose solution. When 
diastase is used to convert starch into reducing-sugars the quantity 
of reducing sugar in a volume of it, equal to that used for the starch, 
must be determined, this portion being subjected to the same treat- 
ment as that used for starch. 

t Cc. of Fehling solution is the equivalent of 0.0045 Gm. of 
starch. Starch in spices, etc., is hydrolyzed after a treatment with 
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diastase, the sample being extracted with ether or alcohol + ether 
previously. 


30. DETERMINATION OF PHENOL. 


Phenol reacts with standard bromine V.S. in excess and the 
unconsumed bromine is titrated. 

Volumetric solutions employed: N bromine and X thiosulphate. 

Dissolve 1 Gm. of the sample in enough water to measure, at 
standard temperature, 500 Cc. Transfer exactly 20 Cc. of this 
solution containing 0.04 Gm. of sample to a 200-Cc., glass-stoppered 
bottle, add 35 Cc. of N bromine V.S., measuring this accurately, 
then 5 Cc. of strong HCl, close the bottle and keep its contents agi- 
tated by shaking during one half hour. Introduce 5 Cc. of 20 per 
cent., pure potassium iodide quickly andcarefully so that no Br vapor 
escape, close at once and mix well by shaking. Wash any iodine on 
stopper and neck of the bottle into the bottle with some cold water, 
add 1 Ce. of chloroform and shake well. Titrate the iodine liber- 
ated in the mixture with X thiosulphate V.S., added slowly, so that 
the final yellow color of the titrated liquid is just discharged by 
one drop of the V.S. The volume of % bromine consumed. by 
phenol is obtained when the Cc. of the X thiosulphate V.S. are sub- 
tracted from 35, the Cc. of X bromine V.S. taken. From the volume 
of the X Br V.S. consumed, the percentage of phenol in sample is 
calculated. The factor for phenol, with X V.S. is 0.0015675 Gm., 
and is derived from the following equations: 


5KBr + KBrO, + 6HCl = 6KCI + 6Br + 3H,0. 
C,H,OH )--— OBr se CH BrOne = 3Hbr 
94.06 6 X 79.92 
2Br 2K Se 2h Bre wala, 21S 2Na,5, Or SHO ete 


6 X 79.92 parts of bromine react with 94.06 parts of phenol. 
Since 1 Lt. of X Br V.S. contains 7.992 Gm., and corresponds to 
1.5675 Gm. of phenol, 

I Ce. of the V.S. is the equivalent of 0.0015675 Gm. of phenol. 

To calculate: 


Cc. of X Br consumed & 0.0015675 X& 100 
Weight of sample 


== per cent. of phenol. 


Observation.—Phenol with the bromine forms tribrom-phenol, 
each molecule of phenol consuming 6 Br, of which 3 substitute 3 
hydrogens in the molecule, and the other 3 combine with the hydro- 
gen to HBr. The bromine in excess liberates an equivalent quan- 
tity of iodine which is determined by titration with N thiosulphate 
V.S. The KI used should be free from iodate, and the two V.S. 
should have been recently standardized. Chloroform serves to 
dissolve the tribrom-phenol which precipitates. 
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TABLE OF EQUIVALENTS (factors). 


1. TENTH-NoRMAL SILVER NITRATE V.S, 
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1 Cc. of X silver nitrate V.S. contains 0.016989 Gm. of AgNO; and is the 


equivalent of: 


FAllyleso=thiocyanatemG@stlnN ss Gusmen cin ceitctrlsecae ete ta tee 
ASeavanerarichin, ion Cy IN IBEIEN? “sue we adacs bnonocaobhoeocosnor 
NTovaoraMstae ClalkarerS NUE Aa wares eo cbink eo sn oo ne 
PN TIITIO TIM TIest@ GUE pe N ly Deere ies en, crates Artes oueteiadsuchaialemay piesa evewees 
ArmmanorerReton WUC MNES, INIEVSIGIN| YG inokebucsocnooaossdous 
Rauuniechioridems ba Cloaks O)pesscece terion crenata ree 
Banitiinechlontdemanhydrousweba Ole wn antares ene 
JAG yaUND gRoMcr BY orc eae ys Ares mu Ee re eat een PO RN ke NU a ae a a 
BroinoLrority Gl Big acne oe so MOTO aero ee eran 
Calciummpbromidesw@abie ace ae TE EN Mon Oa 
GalciimecwlonideCaGla ere wes races eae ec Sr ee 
CGarhonmteurach onde C Clann nae tore aa ete ies 
Giloralehydrates CCl;CHO-— HOP mse cies Sacloeeee 
GIN OLEH] bie ceed eet estar et CAR Oren eee RT oe 
Ghloro Lorin, CHO ome Vie ot aati ne eA cnuteh tae c cutie aelers 
Cuprousmenocyanated: Cus CNG ee eiaieet oc eta eee ers 
Hernousnbromider Pe Bree. vaceckee series ewicieis ere siiake see 
Herrottsechtontde whe loys enprcr cies tepse tice oe cei eine. 
HEErouSetodid Ont lows aedet crear aie erevokete te etal olencteerete sioiekcre sie 
iyi odicracidaetalss. steeesartes avout Merete entire emia 
Elvdropromic rac dye ELI petetshotwsses fialepeunrs) Artes tecosteeeteists i thoes 
ELV CROC ONC ra cI Clicven mune rterake rcretsesnalectees a areas: aie aes 
Hydrocyanic acid, HCN (by Liebig’s method)............. 
Hydrocyanic acid, HCN (by Mohr or Volhard method)... 
Eivdrogennsilphider bl: Susie skeen sete serreia cta etree 
IBhohiolnnerreniite-eyetal, [EISIGIN| 35 45 oomaodosdeoousocdoedo coc 
GCN Oe Laie tee Ais CORN orca ee er eh eas eCPM ake onans 
ilaxeloniermache Gla lle aan ean ata teats Eco oe ec mee 
Dithiuimaebronaice er ree yeraccteatie tes erent eionee elace stare eee 
Potassidtme bromate mlb nr © sarcmener irre cerca ieee ena er 
[PLepASS ivoa lor@nontGlere IMIBke 4 caranihe.naonenoobae ope Aba cao eee oc 
Rotassitmecionratee ln Cl Opa acters comin otioicietetererets roe 
iRotassiumychl Onide wie Cluaa senile ore Cetmientrremenion 
Potassium cyanide, KCN (Liebig’s method) .............. 
Rotassitimeio daterkel Osarinrtmciamaci ster tick oka ai 
BO taSst tire OC Che ai elise mremees eerie sacle yteveie revert crea deconsnetareee aN 
IRotassitimathiocyanaten Kos © Ni vee ania eee neers 
SUV NO etry Pench tee otc soca Te beas rec nee oferscne re ochre RASTA 
Silver rox Cr Aes Ol ccacemremrecrestioncatl serene sae away epsterssraragees 
SilveraSulphatemm Acre Oaus aha cue stein elverinae eine an enns 
Sodium bromatereNa BEOscned. scien eee oe eiice 
Sodiim*ebsomide Nia Bin uy. camels tes nave teerchantennne te mine te 
Socituim»mchionateme Na ClO ee. ede eine ere ay Syne eee 
Sodiumechlonideminia Gl Aver. anne ie aes saree Scien 
Soattimodidesy Nal tern is tds, cute oi ee RE tale ernie 
Strontitinbnomicd ewanhydrousmonbiae teense se eemioen 
Stronmtutimubromides: SrBis—— Oli Ome. so ase crac Cenc oe 
SPeomelUmiOdUde Sila =| Olds Omen nyse eet tererres = acs siete rae tate, 
PAtiCaprOMmil Gere Ditabeeon sce cect eee SR A es 
VANE RCMLOM CeCe Clon @ aa cteke ania t et eee ee one ee. 
ANC LOUIC eZ Mllamrccars aicsoteite pete Octet eee ee 


Graimme. 
0.00495605 
0.009797 
0.005351 
0.014407 
0.007613 
0.0122165 
0.0104145 


0.003546 
0.003979 
0.012165 
0.0107845 
0.0063385 
0.0154845 
0.012793 
0.008093 
0.003647 
0.005404 
0.002702 
0.0017045 


0.012692 
0.013126 
0.008692 
0.016702 


0.010788 
0.011588 
0.015592 
0.015092 
0.010292 
0.010046 
0.005846 
0.014992 
0.012373 
0.017779 
0.022479 
0.011277 
0.006831 
0.015977 
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2. TENTH-NORMAL THIOCYANATE V.S. 


1 Cc. of N thiocyanate V.S. contains 0.009718 Gm. of KSCN or 0.007613 


Gm. of NH,:SCN and is the equivalent of: 


Gramme. 
Coppers Gu eeteeea ne ete oe eRe arr eee een 0.006357 
Coppercsulphates «Cus Oss 5 lle Olea ee ye canes ener erent 0.024974 
Silvers Ag ss ace Oe RT SIO eee Coenen ieee 0.010788 
Silviereait Fate pA GINO ya Mier «see hac mwcene eee eae ree paver ear 0.016989 


3. TENTH-NorMAL SopruM CHLorRIDE V.S. 


1 Cc. of XN sodium chloride V.S. contains 0.005846 Gm. of NaCl and is the 
equivalent of: 


Gramme. 
Silver gk carrey nis ae estes se Actors olive vercleter ote ig aia ra naatoe agen ARTEL tasers 0.010788 
Silversnitrate Ac IN Ogesecrsnc oo aetcre ice doeiotenereate eistarions 0.016989 
Silver oxide wAsiOe wivcnncts sores ests ete eee sere oe ees 0.011588 


4. STANDARD FEHLING’S SOLUTION. 


1 Cc. of standard alkaline copper tartrate V.S. contains, approximately, 
0.0088285 Gm. of copper and is the equivalent of: 


Gramme. 
Glucoses (dextrosesorlevulose) scar eee eae eee 0.005 
I ohige somo bye hia eames Weck aniom at teem otc Gasol mo mince Gat 7x00 0.005 
GCanersugara (inverted: minaret ot eitoce cae serene eran 0.00475 
MaIKs i Satomi steno tinn tema ehh i attrteherrer ce Rae aa 0.00078 
Malt MS uigarae tecestscts Settee te cee Re ow oe Ic ae 0.00806 


Starch e(hy.drolized:) Brice sce creer seen Oe ee rrtmer ays ee 0.0045 


5. TentH-NorMAL Bromine V.S. 


TEGe ESB bromine V.S. contains 0.007992 Gm. of Br and is the equivalent of: 


Gramme. 


Phenols; Ges OHO yrriece acces ttiecne ein cece eer 0.0015675 
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Determinations by Comparison of Colors. 


Titrations, as has been pointed out, become less accurate the 
smaller the quantity of the substance treated, or the lower the 
percentage of the ingredient to be determined. This applies equally 
well to the gravimetric methods; the coefficient of error increasing 
as the quantities weighed become smaller within certain limits. _ 

When the quantity of the substance to be determined falls within 
the limits of great inaccuracy which passes beyond the weighable 
amounts, other methods of determination must be resorted to. 

By color comparison, or color matching, very small quantities of 
many substances can be determined with a satisfactory degree of 
accuracy. The comparison of colors, or correctly stated, the match- 
ing of the intensities of the same shade of color in two or more 
solutions, is naturally available only for substances possessing color 
or giving colored products with reagents. 

The intensity of color of a solution depends on the concentra- 
tion of the dissolved substance and may, therefore, be utilized for 
purposes of quantitative determinations. Determinations by com- 
parison of the intensities of two colored solutions is known as 
Colorimetry or Tintometry. Just as in titrations, the quantity of 
the substance determined is calculated from the volume of a V.S. 
consumed by a given quantity of the sample, the amount of a sub- 
stance determined colorimetrically is obtained from the quantity 
of a standard solution required to give a color of equal intensity 
when treated with the same reagents and under precisely analogous 
conditions. However, calculation of the results is in many cases 
based on the thickness of the liquid viewed. In two solutions of 
definite contraction, contained in vessels of the same size and shape, 
the quantities of the colored substances present are in inverse 
proportion to the thicknesses of the layers viewed. 

In practice, color-matching is carried out by two distinct methods 
which give rise to the construction of colorimeters of two types. 
In one, equal volumes of two or more solutions are compared in 
vessels of the same size and shape so that the columns of the liquids 
observed are equal, the illumination being also equal and uniform. 
The adjustment of tints is brought about by dilution of the more 
intensely colored liquid or through varying the quantity of a stand- 
ard solution used in the control test by repeated trials until the 
desired agreement is obtained. Calculation of the results is based 
on the quantity of the pure reagent or of a standard solution of it 
added to the control test. 

The other method employs two solutions; one of the sample and 
the other of a standard reagent, the solutions being of definite con- 
centrations. These solutions are compared in vessels of the same 
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dimensions, Fig. 34, and, if the intensity of their color is found to 
vary, the adjustment is made by changing the volumes exposed to 
view so as to make their colors appear alike. Ordinarily the volume 
of the more intensely colored liquid is diminished by removing some 
of the solution; in some cases light is made 
to reach the eye through a thinner layer of 
the liquid. Calculation is made from the 
thickness of the liquid viewed, the quantity 
of the substance present being inversely pro- 
portional to the thickness of the layer of the 
liquid exposed to view. 

The comparison is commonly between a 
solution of a sample and that of a standard 
similarly treated, though permanent stand- 
ard tints are also used. 

When a reaction, on which color produc- 

Fic. 34. HEHNER’S tion depends, proceeds slowly or completes 
eciees itself after a definite period of time (the color 
being then most intense) the observation of the two liquids must 
be made simultaneously and with special attention to the time set 
for observation. To economize on time the first comparison may 
be used as a trial test and the more intensely colored liquid diluted 
so as to find the approxi- 
mate quantity of the stand- 
ard reagent to be employed 
in the subsequent compari- 
sons. 

The solutions to be com- 
pared must be clear and 
must not be very intensely 
colored. Turbidity, due to 
precipitation or to any 
other cause, has a very 
marked influence on color 
intensity comparisons and 
interferes with the deter- 
minations. Intensely col- 
ored solutions, not permit- 1G. 35. A Rack or Cotor Tuses. 
ting ready detection of 
changes in concentration, are unsuited for colorimetric determina- 
tions and should, therefore, be properly diluted or a smaller 
quantity of the sample treated. 

To measure the relation of color intensity to the quantity of the 
substance dissolved, the color of a layer, 1 Mm. thick of a solution 
of 1 Gm. of iodine is 10,000 Cc. of water was proposed as the unit 
and called “ colorie.” 

The vessels most commonly employed are tall cylinders known 
as “ Nessler tubes,” Fig. 36. These should be made of clear, color- 
less glass, and those used in a determination should be of the same 
height and diameter ; they are made of 50, 100 and 150 Ce. capacity. 
Test-tubes are not as suitable for this purpose though often em- 
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ployed. The Nessler tubes are usually stood on a level surface or 
set in specially constructed racks, Fig. 35. An ordinary test-tube 
rack with porcelain bottom carrying tall, 100 Cc. cylinders, as 
devised by Proskauer, is admirably suited for most purposes. Nes- 
sler tubes are calibrated to 
hold definite volumes and 
can be used only for com- 
parison of equal volumes 
of two or more _ liquids. 
For comparison of unequal 
volumes, graduated cylin- 
ders, usually with an outlet 
near the bottom, are em- 
ployed, Fig. 34. 

The liquids are usually viewed by looking through the uncovered 
tubes, from the top, in good diffused daylight, best in a window 
in which they are placed, against a white background. In some 


Fic. 36. NESsLER TUBES. 


OO __————— —— = — 


Fic. 37. LEEep’s Coton COMPARATOR WITH PRISM. Fic. 38. Dusosc SoLeIL’s COLORIMETER. 


cases it is of advantage to wrap black paper around the sides of 
the tubes or place them in a dark box in order to eliminate other 
light than that which is desired to pass through them to illuminate 
the liquid. In the numerous and often elaborate colorimeters, the 
tubes, or tanks, holding the liquids are observed in a camera in 
which the light which illuminates the liquids passes only in one 
direction, Fig. 38. ; 
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Color reactions are often modified through changes in tempera- 
ture and the presence of other substances in solution. Any inter- 
fering agent should be carefully removed; if this is found imprac- 
ticable, a quantity of it, equal to that present in the treated portion 
of the sample, should be added to the control test. It is, therefore, 
specially important to carry out a set of color reactions for compari- 
son under as nearly identical conditions as it is possible to provide. 


1. AMMONIA AND AMMONIUM SALTS. (IN VERY SMALL 
Amounts.) (1.) 


Ammonia and ammonium salts in solution react with alkaline 
mercuric-potassium iodide, producing a yellow-colored compound. 
From the intensity of the coloration when matched with a solution 
containing a known quantity of ammonia the amount of ammonia 
in sample is found. 


Reagents: 


1. Standard Ammonium Salt Solution, containing in 1 Cc. 
0.01 Mgm. of NH,. The solution may be prepared from pure 
(NH,),SO,, but is usually made by dissolving 1.5703 Gm. of pure, 
dry NH,Cl in ammonia-free water to measure 500 Cc., and diluting 
exactly 5 Cc. of the solution to measure 500 Cc. 

2. Alkaline Mercuric-potassium Iodide Solution (Nessler’s Rea- 
gent ).—To prepare this, a saturated solution of HgCl, (20 Gm.), 
in water, is poured in small portions into a solution of 20 Gm. of 
KI in 100 Cc. of water until, the mixture being well stirred, a 
permanent precipitate just forms. To this are added 80 Gm. potas- 
sium hydroxide, and, when dissolved, the solution diluted to measure 
500 Ce. To the solution is finally added the saturated HgCl, solution 
in small portions, mixing until a red precipitate is formed; the 
mixture is allowed to stand and the clear, supernatant liquid drawn 
off when needed. 

3. Ammonia-free Water—Water is distilled with a little ignited 
sodium carbonate and, when the distillate gives no color with 2 Cc. 
of Nessler’s solution, it is collected and kept well-stoppered for use. 

Into one Nessler cylinder (tube) place 50 Cc. of the sample (in 
water analysis, 50 Cc. of the distillate), into another or several such, 
50 Cc. of ammonia-free water. Add to each, 2 Ce. of Nessler’s solu- 
tion, and add to the control tubes 0.5, 1, 2, etc., Cc. of the standard 
NH, solution. Mix the contents of the tubes well, cover each with 
a watch glass to protect it from atmospheric ammonia and examine 
the colorations produced after 10 minutes’ standing. View the 
liquids vertically against a white background, the tubes being placed 
in good diffused sunlight (in a window). If the color of one of 
the standard tests exactly matches that of the sample, they evi- 
dently contain equal quantities of NH,; otherwise the tubes nearest 
in point of color intensity are separated and the stronger-colored 
liquid diluted, with ammonia-free water, to such an extent that when 
50 Ce. of it are returned to the Nessler cylinder, the intensity of its 
color will equal that of the other tube. The quantity of ammonia 
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present in these 50 Cc. is then calculated. If possible, another 
comparison should be made, the quantity of the standard solution 
required being increased or diminished as indicated by previous trial. 

It is important to compare only clear solutions; color comparison 
and, therefore, the accuracy of the determination being markedly 
affected by precipitates or turbidity. In the comparison of two 
liquids the exact shade of color and its intensity must be chiefly 
regarded with the aim of making them mutually equal. 

The method is suitable for only small quantities of ammonia; if 
a brown color appears on addition of Nessler’s solution, the sample 
must be properly diluted with ammonia-free water before it can 
be treated for determination. The primary amines of the fatty 
acid series also react with Nessler’s solution and, if present, inter- 
fere with color comparison; they should, therefore, be absent. 
The presence of calcium and magnesium salts is also objectionable. 
Small quantities of these salts present are removed by the addition of 
2 Cc. of an alkaline sodium carbonate solution (10 per cent. each of 
Na,CO, + NaOH), shaking thoroughly, allowing to settle, and 
drawing off portions of the clear liquid for nesslerization. Larger 
amounts of magnesium require the addition of BaCl, solution before 
the alkaline sodium carbonate is introduced. 


2. AMMONIA AND AMMONIUM SALTS. 
(TRictatT AND. TurcHeET.) ~(II.) 


Nascent iodine, acting on ammonia or ammonium salts in solution, 
produces a black-colored nitrogen iodide which serves for com- 
parison. 


Reagents: 


1. Standard Ammonium Chloride or Sulphate Solution (see 
above). 

2. Sodium or Potassium Hypochlorite Solution (2.5 per cent. 
of available Cl). 

3. Potassium Iodide, 10 per cent. solution. 

4. Ammonia-free Water. 

Of a weak solution of ammonium salt, or of the distillate, 30 Cc. 
are measured into one Nessler cylinder, into the other is placed 1 
Cc. standard NH, solution, and 30 Ce. of ammonia-free water. Then 
10 drops of the KI solution, and 2 drops of the hypochlorite are 
added to each and the contents diluted to 50 Cc. If iodine color is 
prominent some more hypochlorite may be very cautiously added, 
or, what is to be preferred, any free iodine can be dissolved out by 
shaking with a little chloroform, which does not dissolve the nitro- 
gen iodide. An excess of either KI or hypobromite must be care- 
fully avoided. The comparison is made as in nesslerizing, the 
results being checked by another trial in which the required stand- 
ard ammonium solution is properly adjusted. 

If less than 2 Mgm. per 1000 Cc. of NH, are present the solution 
should be evaporated with a little dilute H,SO, to a small volume, 
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the acid carefully neutralized with a carbonate and the liquid em- 
ployed for treatment. 

Note.—The advantages claimed for this method are: amino com- 
pounds, pyridine bases, nitrates, nitrites and albuminoid substances 
do not react and, therefore, are without influence when present; the 
method may be carried out directly with solutions and may be em- 
ployed in case of cyanide or sulphate of ammonium. 


3. NITRITES. (SMALL QUANTITIES AS IN WATER.) 


When a nitrite, naphthylamine and sulphanilic acid are brought 
together in acid solution, a red-colored azobenzol-naphthylamine 
sulphonic acid is formed. The reaction is exceedingly delicate; the 
coloration is most intense in one half hour. 


Reagents: 


1. Standard Nitrite Solution.—The solution is prepared to con- 
tain 0.ooo1 Mgm. of N as nitrite in 1 Cc. Of pure, dry silver nitrite 
0.22 Gm. are accurately weighed and dissolved in hot water, NaCl 
is added in slight excess, the mixture cooled and diluted to measure 
1000 Cc. When clear, 5 Ce. of the supernatant liquid are removed 
by means of a pipette and diluted with distilled water to measure 
1000 Ce. 

2. Sulphanilic Acid Solution.—The solution is made I per cent. 
strong by heating with water and a little acetic acid. 

3. Naphthylamine Hydrochloride Solution —A_ sufficient quan- 
tity of the hydrochloride is boiled with water, during 10 minutes, 
to obtain a 0.5 per cent. solution, the volume of the boiling liquid 
being kept constant. The solution is pinkish in color. 

Unless the water is known to contain nitrites, it is tested as 
follows: Ina Nessler tube, 100 Cc. of the sample are acidified with 
3-4 drops of Io per cent. HCl, 2 Ce. of sulphanilic acid solution 
added, then 2 Cc. of the naphthylamine solution introduced and 
the contents, after mixing with a glass rod, are covered with a 
glass plate and allowed to stand one half hour. If a distinct red 
color develops within this time the nitrites are to be determined; a 
pinkish color is reported as “traces.” The intensity of the color- 
ation will serve as an indication of the volume of the standard 
nitrite solution to be used in the control test. 

To determine the nitrites another 100 Cc. or less, if the color 
was found too intense for comparison, are treated as in the trial 
test while a definite quantity of the standard nitrite solution, diluted 
with distilled water to the volume of the sample taken, is treated 
in another tube; the two tubes are allowed to stand covered during 
the same one half hour. This is essential since the red color will 
begin to fade after 30 minutes. As the air in the neighborhood 
‘of burning gas contains nitrous acid, protection for the solutions 
tested is necessary and is made by covering the tubes, or by their 
removal from the room. 

The results are, in the case of water, expressed as nitrogen, parts 
per million. 
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4. NITRATES. (SMALL QUANTITIES AS IN WATER.)  (I.) 


Nitric acid combines with phenol in the presence of sulphuric acid 
to form picric acid of a yellow color. The color of ammonium pi- 
crate being even more intense, this salt is then formed and com- 
parison of its color with a standard nitrate solution, also converted 
into picrate, is made. 


Reagents: 


1. Standard Nitrate Solution. (W.P. Mason.) —Of pure KNO,, 
0.7221 Gm. are dissolved to measure 100 Cc. Ten (10) Cc. of the 
solution are evaporated to dryness on water-bath, the residue mois- 
tened completely with 2 Cc. of phenol-disulphonic acid and the 
contents washed out into a liter flask and diluted to measure 1000 
Cc. One (1) Cc. corresponds to 0.0oor Mgm. of N as nitrate. 

2. Phenoldisulphonic Acid.—Pure phenol, 30 Gm., and pure con- 
centrated sulphuric acid, 370 Gm., are heated in a flask placed in 
boiling water during 6 hours. 

3. Standard Sodium Chloride Solution, 1.65 per thousand.— 
Each Ce. corresponds to 1 Mgm. of chlorine. 

To the residue of 20 or 100 Cc. of a sample of water, evaporated 
with 2 drops of a saturated solution of Na,CO, on water-bath to 
dryness, are added 2 Cc. of the phenoldisulphonic acid, the dish is 
rotated so as to moisten the entire residue, few Cc. of water and 
enough 10 per cent. ammonium hydroxide is added to make the 
solution alkaline. The solution is then transferred to a Nessler 
tube, diluted to 100 Cc. and compared with a definite volume of the 
standard nitrate. The volume of this, required to match the color 
of the sample, is measured into another Nessler tube, made alkaline 
with 5 Cc. of NH,OH solution, and diluted to 100 Cc. with distilled 
water. The solution which is the more intensely colored is then 
diluted to make the colors correspond. The results obtained are 
confirmed by another comparison in which the quantity of standard 
potassium nitrate used is properly adjusted. 

When the proportion of chlorides,:in water, is above 10 parts 
per million, they influence the reaction of nitrates to an appreciable 
extent and it becomes necessary to add to the standard test as much 
of the standard NaCl solution.as will furnish an equal quantity of 
chlorine found in the volume of sample treated. To diminish the 
necessary errors of this determination, W. L. Dubois (J. A. Chem. 
Soc., 1906, 28, 1616), proposes the following modification: After 
heating the residue with phenoldisulphonic acid on a water-bath for 
one half hour, it is dissolved in water, washed into a flask, and the 
contents titrated with standard titanium chloride V.S., 1 Cc. of 
which 0.0005 Gm. of KNOQ,. 

Results are expressed as nitrogen, parts per million. 


5. Nitrate (NITRITE) IN WATER (BruciINnE MertuHop).’  (II.) 


Reagents: 
Standard Solution of KNO, containing the exact quantity, per 
liter, of the pure KNO, which corresponds to 0.1 Gm. of HNO,. 
‘H. Noll, Ztsch. ang. Chem., 14, 1317. 
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Solution of Brucine, 0.05 Gm. in 20 Cc. H,SO,, freshly prepared. 
A sample of water or a solution of nitrate must not contain more 
than 0.05 Gm. HNO, per liter; if stronger it should be diluted with 
distilled water. 

Of the sample 10 Cc. are mixed with 20 Cc. of brucine solution 
during 15 minutes and poured into 70 Cc. of water in a Hehner 
cylinder. The color produced is matched with 5 Cc. of standard 
nitrate mixed with 5 Cc. of water and 20 Cc. of brucine solution 
during 15 minutes, and poured into 70 Cc. of water in another 
cylinder. The trials are repeated with varying quantities of the 
standard solution until the two tints are equal. Reaction must be 
brought about under the same conditions of time and temperature, 
the quantities given being adhered to. From the volume of stand- 
ard KNO, required the amount of nitrate in sample is obtained. 
Nitrite acts like nitrate and is included. 


6. IRON IN FERRIC COMPOUNDS. 


Standard Iron Solution.—A solution of pure ferric chloride con- 
taining HCl is made preferably as follows: 10 Cc. of solution of 
ferric chloride (10 per cent. of Fe), strongly acid with HCl, are 
shaken out with ether, the ethereal solution allowed to evaporate 
spontaneously, the residue taken up with 10 Cc. of 10 per cent. 
hydrochloric acid and diluted with distilled water to measure 500 Cc. 
Fifty (50) Cc. of this solution are carefully measured into a beaker 
containing 5 Cc. of 10 per cent. NH,OH, diluted with too Cc. of 
distilled water, and, if the mixture is not alkaline, NH,OH is added 
to alkaline reaction. The contents of the beaker are heated to boil- 
ing and filtered through a quantitative filter paper. The precipitate 
is washed free from chlorides, dried, and ignited in a tared crucible 
to constant weight. The weight of ash of the filter paper is allowed 
for and from the weight of Fe,O, obtained, the quantity of Fe in 
50 Ce. is calculated : 


Fe,O, : Fe, :: weight of precipitate: +. 
LS Go7 atrmal keley 


The remaining solution is then diluted so that 1 Cc. of it will 
contain 0.01 Mgm. of iron as FeCl. 


(a) With Ammonium Thiocyanate Solution. 
(For very small amounts of Fe.) 


A definite quantity of the sample, containing a minute quantity 
of iron is acidified with ro per cent. HCl, an excess of NH,SCN 
solution (2 per cent.) added and the solution extracted with a 
mixture of amyl alcohol, 5 volumes, and ether 2 volumes. The 
extracted portion is then transferred to a tube for comparison with 
another obtained from a known quantity of the standard iron solu- 
tion treated in the same manner. The solution which is more in- 
tensely colored is diluted with some of the solvent until the colors 
match. The quantity of iron in the control solution indicates the 
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amount of iron in sample. ‘The mixture of ether and amyl alcohol 
may be replaced by acetone. Water to be treated for iron is evapo- 
rated (100 Cc.) with nitric acid (5 Cc.) to dryness, the residue 
ignited just to char the organic matter, then taken up with 5 Cc. 
HCl (1 +1), the solution filtered, the filter washed. To the filtrate 
and washings 0.5 per cent. solution of potassium permanganate 
is added to the production of a pink color, lasting 5 minutes. Ammo- 
nium thiocyanate solution is then added in excess and the extraction 
and comparison with standard solution made. 


(b) With Potassium Ferrocyanide Solution. (Fe in water.) 


The water (100 Cc.) is evaporated to dryness in a platinum dish, 
the residue ignited to destroy organic matter, 1 Cc. of NH,OH 
solution (1 part of stronger ammonia water in 20 parts of water) 
added, the mixture evaporated to dryness on a water-bath. The 
residue! is *dissolved-in a Cc. of 10 per cent! HCl, 5 to 10. Cc) dis- 
tilled water added, and the solution filtered into a Nessler cylinder, 
Potassium ferrocyanide solution, 5 per cent., is added (1 Cc.), and 
the coloration produced on mixing compared with one obtained 
by treating, with a standard iron solution, 1 Cc. of the ferrocyanide 
diluted to equal the volume of the sample in another Nessler tube. 
The standard Fe solution should be run in from a burette. 


(c) With Salicylic Acid. 

To a definite quantity of the sample, containing iron in solution as 
ferric chloride, is added an excess of 0.1 per cent. of salicylic acid 
solution in alcohol, and the mixture diluted to measure 50 or 100 
Ce. ina Nessler cylinder. In another Nessler tube is similarly treated 
a definite volume of the standard iron solution, and the color- 
ation produced in either case compared with the other. The solution 
which is the more intensely colored is diluted, with distilled water, to 
make its color correspond to the other, or the standard iron solution 
can be run into the control test, from a burette, until the desired 
color is produced. In either case the result should be confirmed 
by another comparison in which the required volume of standard 
iron solution is properly adjusted. 

It has been observed that the depth of color and consequently 
the sensitiveness of the reaction may be increased by dissolving 
the salicylic acid in acetic acid with a small quantity of an acetate, 
preferably sodium acetate, added. 

Zinc and antimony do not interfere when present. Lead is re- 
moved as PbSO, and copper, if present, is made colorless by the 
addition of dilute KCN solution. 


(d) With H,S in Alkaline Solution. 

Very small quantities of inorganic iron salts in solutions contain- 
ing an excess of pure alkali (best NH,OH) give, with H,S, a green 
color. The coloration is even more intense with organic salts or 
in the presence of organic compounds, so that albumin (4-5 Mgm.), 
added to a solution of an inorganic iron salt, helps to develop the 


208 DETERMINATIONS BY, COMPARISON OF COLORS. 


green color. The green color produced is regarded to be due to 
the presence of colloidal iron. 

The quantity of ammonium hydroxide best adapted is 3 Cc. of 
a 6.2 per cent. solution for 50 Cc. of the liquid treated; into the 
alkaline liquid H,S is passed during 10-12 minutes. With concen- 
trations of I-1,000,000, the addition of an equal volume of go per 
cent. alcohol should be made and the mixture allowed to stand 12 
hours. Copper interferes and, if present, must be first removed by 
H,S from an acid solution. Acids and oxidizing agents destroy the 
coloration. Other metals: Hg, Pb, Ag, Cr, Ni, Co and the alkaline- 
earths do not give the color. 

Comparison is made with a small quantity of standard iron solu- 
tion treated as the sample, and transferred to a Nessler tube. 


7. COPPER.  (1.) 


Copper ferrocyanide is produced and the intensity of color of 
its solution is compared or matched with a standard. 


Reagents: 


Standard Solution of Copper.—To prepare this, 0.393 Gm. of 
pure crystalline copper sulphate, CuSO,-.5H,O, are carefully weighed 
and dissolved to measure 1000 Cc. In place of the salt 0.1 Gm. 
of pure electrolytic copper, dissolved in nitric acid, is evaporated 
with H,SO, to remove the HNO, and the solution diluted to meas- 
ure 1 Lt 

One (1) Cc. of the solution contains 0.0001 Gm. of copper. 

Ammonium Nitrate Solution, 10 per cent. 

Potassium Ferrocyanide Solution, 1-25.—Into one Nessler cylin- 
der are placed 5 Cc. of the ferrocyanide solution, then a measured 
volume of the sample solution is added, the contents diluted to 50 
or 100 Ce. and 5 Cc. of the ammonium nitrate solution introduced 
by means of a pipette. Into the other cylinder the same reagents 
are measured and the standard copper solution run in from a burette 
until the color produced in the first is exactly matched. The amount 
of copper in the sample is then easily calculated. 

In canned goods, copper, if present, is found in the solid portion. 
This should be filtered off, dried on an open filter paper in a petri 
dish; when dry, it is incinerated, the charred mass digested with 
HNO,, diluted with water and filtered, the digestion of the residue 
in HNO, being repeated. The filtrate and washings are evaporated 
to dryness, the residue taken up with dilute HNO,, NH,OH added 
in excess, the blue solution filtered and the filtrate evaporated to 
dryness with sulphuric acid. The residue is dissolved in water and 
treated as above. 

Notes——Ammonium nitrate serves to increase the delicacy of the 
reaction. The sensitiveness of potassium ferrocyanide is I—2,500,000. 
Acids when present modify the color, while bases decompose or 
dissolve the brown compound formed. Alkaline solutions of copper 
are acidified with HNO, and then neutralized with NH,OH. Lead 
in small quantity has no effect; in larger amounts it gives a white 
precipitate. Lead is readily removed by evaporation with sulphuric 
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acid. Iron interferes and must be removed. For this purpose the 
salt is oxidized, if necessary, and the iron precipitated with an excess 
of ammonium hydroxide. When larger quantities of iron are pres- 
ent, the Fe(OH), should be dissolved and reprecipitated, the second 
filtrate and washings being mixed with the first, and the blue, alka- 
line liquid neutralized with HNO, 

Very weak solutions should be concentrated by evaporation. 
Water containing copper is evaporated to dryness, the residue taken 
up with HNO,, iron precipitated with NH,OH and the filtrate 
treated as above. 

Copper may also be determined by comparison of the color pro- 
duced in its solution by an excess of ammonium hydroxide, with 
the color of a standard solution similarly treated. This method 
has been studied by Milbauer and Stanek (Ztsch. anal. Chem., 
1907, 40), who found that the indicated copper increases with an in- 
creased proportion of NH,OH and of ammonium carbonate, but 
decreases with ammonium chloride. Amido acids produce a green- 
ish tint, and give low reading in the same manner as organic com- 
pounds and the fixed alkalies. 

Comparison of the blue color of copper with the blue of nickel 
produced by an excess of ammonium hydroxide, has shown that the 
colors are of the same shade, when, according to Milbauer, the ratio 
of their concentrations is Cu==1:18Ni, in the same complexes. 


8 2 Copper, BY KONG. CLI.) 
Reagents: 


Standard Solution of CuSO,—The solution prepared for the 
ferrocyanide method may be conveniently used. 

Solution of KCN.—This should be about 0.1 per cent. and is 
standardized at the time of the determination; however, for larger 
quantities of Cu, a nearly 5 per cent. standard solution is used. 

Ammonium Hydroxide, 2 per cent. 

Measure accurately 10 Cc. of the standard CuSO, solution into 
a cylinder of clear, white glass, add the ammonium hydroxide until 
the precipitate produced is redissolved, dilute to 200 Cc. and titrate 
with the KCN solution, mixing until the blue color of the solution 
is just discharged. 

Into another cylinder place a definite volume of the solution of 
sample of known strength, add as much ammonium hydroxide as in 
the control test, dilute to 200 Cc. and run in the KCN solution care- 
fully until decolorization results. 

From the volume of KCN solution consumed calculate the amount 
of Cu in the sample. 

Notes.—Halogens or organic matters must not be present to avoid 
production of greenish solution. To separate Cu from interfering 
substances, the Cu is best deposited in metallic form by adding to 
the solution pure Zn, Cd, or Al. The spongy Cu is filtered off, 
washed and dissolved in HNO,, ammonium hydroxide added, and 
the solution titrated. Small quantities of Pb and Zn do not interfere. 


15 
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g. Leap (IN MINUTE QUANTITIES). 


Lead sulphide, being the most insoluble lead compound, is formed 
and the intensity of color compared with that produced by a stand- 
ard lead solution. 


Reagents: 


1. Standard Lead Solution.— Prepared by dissolving 0.1599 
Gm. of pure lead nitrate Pb( NO,), in distilled water to measure 
1ooo Cc. One (1) Ce. of the solution will contain 0.0coo1 Gm. of 
metallic lead. 

2. Solution of Hydrogen Sulphide.—The saturated solution should 
be freshly made. 

A suitable quantity of the sample, to be treated, is dissolved in 
distilled water to measure 50 Cc. or, if a sample of potable water, 
100 Cc. are measured into a Nessler tube, the solution acidified 
with 1 Cc. of HCl and 50 Cc. of the hydrogen sulphide solution are 
added. In another Nessler tube, to an equal volume of water, 
is added 1 Cc. of the standard lead solution and then the other 
reagents as to the sample. The contents of the tubes are mixed, 
the tubes covered, and allowed to stand at 30° to 35° C., during one 
half hour, when comparison is made. The results will indicate 
the lead present or the quantity of the standard lead solution that 
must be used in the following comparison to closely match the color 
of the sample. 

In place of H,S solution some pass the gas through the contents 
of Nessler tubes acidified with HNO,. 

The color of the weak solutions depends on the number and size 
of the PbS particles which are present in colloidal state. Since elec- 
trolytes, in solution, tend to coagulate these, they should be absent or 
the standard test should contain the same proportion of those present 
in the sample. The reagents employed should be added to both 
Nessler tubes in the same order. Iron, in small quantities, does not 
interfere in acid solutions but copper, when present, gives dark 
color. Copper is made inactive by the addition of just enough KCN 
solution to destroy the blue color. The solution of sample must 
be colorless or, if the color is identical with PbS and not intense 
(yellow KCN color), the allowance to be made for it may be deter- 
mined with standard lead solution. Organic substances, such as the 
organic acids, glycerin (especially), sugars, etc., show a marked 
influence on the development of PbS color. Acetic acid and ammo- 
nia show no undesirable effect. 

In Citric and Tartaric Acid, lead is determined according to the 
method of Bennett (Chem. and Drugg., 1904, 633). Of the sample, 
10 Gm. are dissolved in 15 Cc. distilled water, 25 Cc. of 10 per cent. 
NH,OH added, the solution diluted to 50 Cc. in a Nessler tube and 1 
drop of a 10 per cent. Na,S solution added. In another Nessler tube 
50 Cc. of water, containing 1 drop Na,S solution, are mixed, and the 
standard lead solution added from a burette until the colors of the 
two tubes match. Copper, if present, is made passive by the addi- 
tion of 1 Cc. of 10 per cent. KCN solution. Yellow color of KCN 
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is corrected, before Na,S has been added, by standard lead solution 
in the control test. 


10. MANGANESE. (SMALL QUANTITY AS IN IRON AND STEEL.) 


Standard Solution of Potassium Permanganate—This is pre- 
pared to contain 0.1438 Gm. of K,Mn,O, in rooo Cc. by diluting 
45.5 Cc. of N potassium permanganate V.S. with water, distilled 
from permanganate, to measure 1000 Cc. 1 Cc. of the standard 
solution 0.05 Mgm. of manganese. 

Of the sample of iron- or steel-filings, 0.2 Gm. are dissolved in 
20 Cc. of nitric acid (1.2 Sp. Gr.) in a 100 Cc. measuring flask 
by heating to boiling until solution is complete. The liquid is 
cooled, diluted to 100 Cc., with water, and the contents of the flask 
mixed by shaking. Ten (10) Cc. of the solution are accurately 
measured into a beaker, 2 Cc. nitric acid (1.2) added, contents 
heated to boiling and, after removing flame, 0.5 Gm. of lead dioxide 
introduced. The mixture is carefully stirred and boiled during 2 
minutes. For filtration, ignited asbestos, which has been washed 
with a solution of permanganate and then with water to remove the 
latter, is employed. After standing some time the warm solution is 
filtered through the asbestos into a graduated tube about 20 Cm. 
high, provided with a glass stopper. The filter is washed with dis- 
tilled water, until the washings run through, are colorless, the tube 
is closed and the contents mixed by shaking. Into another gradu- 
ated tube (duplicate of the first) is introduced 1 Cc. or more of the 
standard permanganate solution, and water is carefully added to 
dilute this solution so that the intensity of color should be the same 
in both tubes when viewed horizontally. From the volume of the 
standard solution used and the volume to which it is diluted, the 
quantity of manganese in sample is calculated according to the 
proportions: 


Cc. in tube 1 (stand.) : quant. of Mninit::Cc. in tube 2 (sample) : 1. 
CQO2s ys TOON 


w+’==per cent. of manganese. 


11. BismMUTH. (SMALL QUANTITIES IN PB, ETC.) 


Reagents: 


Standard Solution of Bismuth, prepared by dissolving 0.1 Gm. of 
Bi in HNO, and water to make 1 Lt. of solution. 

Sulphuric Acid, 1-3. 

Potassium Iodide Solution, 20 per cent. 

Ten (10) Gm. of a sample are dissolved in HNO, (20 Ce. acid 
and 80 Cc. water), and boiled to remove Sn and Sb. Dilute sul- 
phuric (1.2) is added drop by drop until 60 Cc. have been run in, 
then 30 Cc. more of 1-3 sulphuric acid are added and the mixture 
allowed to stand 1 hour. To the liquid is added 5 Cc. of HCl, then 
a slight excess of ammonium hydroxide and then HCl to just acid 
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reaction, the mixture boiled 1 minute, filtered, and the filtrate tested 
for Bi. The precipitate, with the paper, is boiled with ro Cc. of 
1-3 sulphuric acid and 30 Cc. water, cooled, filtered, and the undis- 
solved matter washed with dilute sulphuric acid. The filtrate (if 
more than 3 Mgm. Bi are present, an aliquot portion of it) is placed 
in a Nessler tube, 5 Cc. of 20 per cent. KI are added, then 5 
Ce. of 1-3 sulphuric acid and 10 drops of sulphurous acid. The 
coloration produced is matched with the standard bismuth solution, 
added to the water, and the same reagents used as in the other test. 

For bismuth in copper, the sample is dissolved in HNO,, the solu- 
tion neutralized with Na,CO, in excess, boiled, and filtered. The 
precipitate is then treated as above. Ores of Cu, and mattes are 
dissolved in nitro-hydrochloric acid. 

In the presence of As or Sb fusion with Na,CO, and sulphur 
should precede solution in acid. 


12. GoLD IN SMALL QuantTiTIESs. (METHOD oF R. W. Maxson.) 


The color of colloidal gold in the sample is matched with a solu- 
tion of gold of known contents. Weak solution is to be concen- 
trated by evaporation. 

A standard solution of gold chloride is employed. As the reagent, 
a solution of acetylene in water, produced by saturating distilled 
water with the washed gas, is prepared. 

The two tubes, one containing the sample and the acetylene solu- 
tion, the other only the acetylene, are placed in a-dark box and the 
solutions illuminated from below by a mirror. A sufficient quantity 
of standard gold chloride solution is added to the control tube to 
produce the same intensity of color. 

Electrolytes in solution interfere, coagulating the gold particles. 
Their effect may be overcome by the addition of a few drops of ether. 


13. HypRoGEN SULPHIDE IN MINERAL WATER. 
(WINKLER’s METHOD.) 


| Nscit, salt, crystals, 25 Gm. 
. be JoNaO ~s) Gin. 
Solution A= ,Lead acetate, 1 Gm. 
Water, distilled, to make 1000 Cc. 


Arsenous sulphide As,S,, 0.0367 Gm. 
Solution B=-~ Ammonium hydroxide, enough to dissolve it. 
Water, to make 100 Cc. 


As,S, 1s prepared by dissolving 1 Gm. As,O, in dilute HCl, and 
adding 100 Cc. of freshly made solution of H,S; after thorough 
mixing, filter and dry at 100° C. 

I Cc. of the solution B—o.1 Ce. of H,S gas at 0° C. and 760 Mm. 
For each titration a fresh solution should be made. 

Into a flask of 150 Cc. capacity measure 100 Cc. of the sample of 
water, add 5 Cc. of solution A, and mix well. Compare this color 
with the coloration produced in another flask containing 100 Ce. 
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distilled water and 5 Cc. of solution A, by careful addition of solu- 
tion B, from a burette. The color of the standard should exactly 
match that of the sample. 

Note.—At a spring 100 Cc. bottles are used and are filled to 95 
Cc. with the sample, or, with distilled water for a blank. The 
pipette, by which solution A is introduced, should reach to the 
bottom of the flask. Sodium thiosulphate has no effect when the 
volume of H,S, per liter, is not more than 1.5 Ce. 


14. PHosPHORIC ACID OR PHOSPHATE. 


Standard Phosphate Solution, containing 0.5045 Gm. of pure, 
freshly-crystallized, Na,HPO,-12H,O dissolved in water, 100 Ce. 
of HNO, (1.07) added and the solution diluted to measure exactly 
tooe, Cem s.One (1) Ce. =— G.0008-Gin, /P,0;: 

Ammonium Molybdate Solution, 5 per cent. 

Comparison is made in tubes, preferably mounted in a suitable 
camera. Standard tint is prepared from 10 Cc. of standard phos- 
phate solution, diluted to 80, 9 Cc. HNO, (1.07), and 8 Cc. ammo- 
nium molybdate solution added, and enough water to measure 100 
Cc., then allowed to stand 20 minutes. One Cc. of this— 0.00001 
Gm P.Oe 

Silica interferes, giving yellow color. It may be removed, if pres- 
ent, by dehydration. In place of ammonium molybdate solution, 
Pouget (Chem. Zeit., 1908, 32, 832) recommends the employment 
of strychnine molybdate. Solution of this compound must contain 
7 to 8 per cent. of nitric acid. Very sensitive with phosphoric acid, 
I—12,000,000, the color forming rapidly. 

Phosphorus in steel is oxidized, in the HNO, solution, with per- 
manganate. The MnO, is dissolved in H,O,, free from HCl and 
H,PO, (prepared from Na,O, + HNO,), solution of ammonium 
vanadate added, and H,O, removed by boiling. To the cooled and 
diluted solution, ammonium molybdate solution is added and the 
color produced is compared in 2-3 minutes with that produced with 
a standard steel solution. The latter is prepared in the same way, 
and should be renewed weekly. Sensitiveness of 0.005 per cent. 


[5a CALICYLICSACID. 


Standard Solution of Salicylic Acid—This is prepared by dis- 
solving 0.1 Gm. of pure salicylic acid in alcohol and diluting with 
water to measure 1000 Ce. One (1) Cc. of the solution contains 
0.0001 Gm. of the acid. 

Solution of Ferric Chloride, 0.5 per cent. 

The dry acid is weighed and dissolved in alcohol, or a suitable 
volume of a solution is carefully measured. When present in ad- 
mixture with other substances, as it is often found in foods or 
medicinal preparations, 50 Gm. of the sample are extracted with 
ether, the sample having been previously acidified with sulphuric 
acid. The extraction is made in a separator, the ethereal extract 
evaporated, the residue dissolved in hot water or alcohol, filtered, 
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the filtrate made up to definite volume, and aliquots taken for 
comparisons. 

Into one Nessler tube is placed a definite volume of the sample 
solution, I to 2 Ce. of the ferric chloride added, and diluted with 
distilled water to measure 50 Cc.; into the other, which should 
contain an equal volume of ferric chloride and of distilled water, 
the standard salicylic acid solution is run from a burette and the 
two tubes are viewed, against a white surface, for comparison. The 
percentage of salicylic acid in the sample is then calculated from the 
volume of the standard solution required to produce a color of the 
same intensity. 

In canned tomatoes, catsups, etc., salicylic acid is extracted with 
ether after the sample has been diluted with water, made alkaline 
with NaOH solution and milk of lime added; the mixture having 
been shaken is filtered, the colorless filtrate acidified and extracted. 

In the presence of tannin, salicylic acid is precipitated, together 
with the tannic acid, by basic lead acetate. To the mixture is then 
added an excess of NaOH in which the salicylate of lead is dis- 
solved, the tannate being insoluble. Harry and Mummery (Ana- 
lyst, 131, 124) recommend: To 50 Gm. of the pulp of fruit or 
of jam contained in a 300-Cc. measuring flask are added 15-20 Ce. 
of a solution of lead subacetate, the mixture made alkaline with 25 
Ce. of N-NaOH, a portion of the alkali neutralized with 15-20 
Ce. of N-HCl, and the mixture diluted to the mark. After filtra- 
tion, 200 Cc. of the filtrate are acidified with HCl and extracted 
with ether. The residue of the ethereal solution is dissolved in 
alcohol and treated with ferric chloride for color comparison. 

Note.—It will be evident that enough ferric chloride must be 
added to each test to react with all salicylic acid present; however, 
a large excess of the reagent must be avoided. If the color pro- 
duced is very intense the mixture should be diluted or, what is to 
be preferred, a smaller volume of the sample taken for comparison. 
In the presence of citric and tartaric acids, the color with ferric 
chloride lacks intensity; the addition of a drop of HNO, brings out 
the color at once. 


16. SACCHARIN. (BENZOYL SULPHINIDE.) 


Saccharin is extracted and determined as salicylic acid into which 
it is first converted. To destroy and remove salicylic acid, naturally 
existing or added, and also the so-called “false saccharin,’ the 
acid solution is extracted with ether and the ether evaporated. The 
residue, acidified with 2 Cc. of sulphuric acid, 1:3, is heated to boil- 
ing, and 5 per cent. solution of potassium permanganate added until 
a permanent pink color is imparted to the solution. The solution, 
on cooling, is treated with a piece of solid NaOH, the mixture 
filtered, the filtrate evaporated to dryness in a silver dish or on a 
silver crucible cover, and the dry mass heated at 210° to 215° C., 
during 20 minutes. On cooling, this is taken up with water, acidi- 
fied with HCl, and extracted with ether. The ethereal residue is 
then dissolved and the solution treated as salicylic acid. (See 15.) 
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17, FORMALDEHYDE IN MiLK. (A.) (MEruHop oF F. BONNET,’) 


1. Standard Formaldehyde Solutions—Milk containing definite 
quantities of added formaldehyde (1-10, to 5@ thousand). 

2. Solution of Morphine, 0.35 in 100 Cc. sulphuric acid (1.84). 

Of the milk to be tested, 60 Cc. are placed in a 3-inch evaporating 
dish, and 1 Cc. of the morphine solution floated on its surface in 
I-inch water-glass, the dish covered with a glass plate and allowed 
to stand at 20° C. Several standard formaldehyde milks are similarly 
treated. The coloration produced in the morphine-sulphuric acid, 
within a definite length of time, is matched with one of the stand- 
ards, and in that way the quantity of formaldehyde present is 
ascertained. Milk containing formaldehyde, 1-25,000, gives dis- 
tinct color within 1 hour. Intensity of color depends on the dura- 
tion of exposure. 

Other aldehydes react similarly, but volatile nonaldehydic com- 
pounds do not interfere. 

Sour milk, containing I-20,000, gives reaction only if it has been 
kept in a closed flask. Butter is treated like milk. 


(B.) (MeruHop or E. W. Jones.?) 


1. Standard Solution of Formaldehyde. 

2. Solution of Ferric Chloride in Hydrochloric Acid—The solu- 
tion of this reagent is prepared from 0.25 Gm. of pure iron, con- 
verted into ferric chloride, precipitated as ferric hydroxide, the 
precipitate washed and dissolved in 500 Cc. of concentrated hydro- 
chloric acid. 

Ten Cc. of a sample of milk in one test-tube and an equal volume 
of pure milk (together with 0.1 to 0.2 Cc. standard formaldehyde 
solution) in two other test-tubes are mixed with 10 Cc. of the 
reagent, and the tubes heated at 80° to 85° C., during 20 minutes. 
The contents are then diluted with 30 Cc. of water, cooled, and 
filtered, the precipitate washed and the filtrate and washings in 
each case diluted to 100 Cc. The colors of these solutions are then 
compared and the formaldehyde present calculated. 


18. MorPHINE. 


Standard Morphine Solution containing 1 in 1000 Morphine hy- 
drochloride. 

Marquis’s Reagent.—Mix 3 Cc. concentrated H,SO, with 2 drops 
of formaldehyde solution, 40 per cent. 

One (1) Cc. of the solution of the sample is evaporated to dry- 
ness, the residue stirred with 1 Cc. of the reagent and the solution 
washed into a small tube with 4 Cc. of dilute sulphuric acid. Of 
the standard solution 1 Cc. is treated in like manner and the color- 
ations are matched by diluting the more intensely colored liquid 
with dilute sulphuric acid. The amount of morphine in the sample 
is then calculated from the volume of the control solution required 
to match its color. 


17. Am. Ch. Soc., 1906, 27, 601. 
2 Chem. News, 1908, 98, 247. 
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19. BENZALDEHYDE. (WOODMAN AND LYFORD.) 


Color produced by an aldehyde with fuchsin-SO, is proportional 
in intensity to the amount of the aldehyde, only when the quantity 
is small. 

1. Standard Benzaldehyde Solution—1i—1000 of aldehyde-free 
wood alcohol. 

2. Schiff's Reagent.—Dissolve 0.5 Gm. of pure fuchsine in roo 
Ce. of water and add 20 Gm. of SO, gas, or a solution containing 
as much. The exact quantity of SO, present should be determined 
by titration or found from the Sp. Gr. of the solution. 

3. Methyl Alcohol, Free From Aldehyde.—Heat first with a 
small quantity of Ag,O, distill, and mix 1000 Cc. of the distillate 
with 25 Gm. of metaphenylene-diamine hydrochloride and pass a 
current of air through the mixture during 3 hours. Keep well 
stoppered in a cool place. The alcohol thus treated should give 
no color with Schiff’s reagent. 

For determination, a quantity of the sample, containing not more 
than 5 Mgm. of benzaldehyde is transferred to a tube, 20 Cc. of 
the accurately measured reagent added and, after mixing, the solu- 
tion allowed to stand 10 minutes. Three other tubes containing 
respectively 2, 4, 6 Mgm. of standard benzaldehyde are treated, 
each with 20 Cc. of the reagent, and when all four have stood ten 
minutes, the color of the tube containing the sample is then matched 
with the nearest color it approaches. To make the comparison 
exact, some of the stronger-colored standard should be removed 
by a pipette until equally matched. 

The method may be applied to other aldehydes. 


20. FuRFURAL. (IN WHISKEY oR BRANDY.) 


1. Standard Solution of Furfural=o.0o1 per cent. to 0.0005 
per cent. of pure furfural. 

2. Aniline Acetate Solution—Prepared by boiling equal vol- 
umes of freshly distilled aniline, glacial acetic acid and water, dur- 
ing 3 minutes. 

In a small cylinder (a test-tube with flattened bottom) are placed 
5 Cc. of the sample, water to measure 19 Cc. is added, and 1 Cc. of 
the aniline acetate introduced. 

In another tube a small volume of the standard solution is treated 
with the same reagent in like manner and after mixing the tubes 
are allowed to stand 15 minutes. 

The solutions are then compared as to color within the same _ 
period of time. 
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Taste oF Muttiptes or Atomic or MoLecuLAR WEIGHTS OF IMPORTANT 
ELEMENTS AND GROUPS OF SUCH. 


I 2 3 4 5 6 7 8 9 
H 1 OG 2. O2|8 3503) Nn 4sO4) ens cOS 6.06 7.07 8.08 9.09 
O 16 32 48 64 80 96 112 128 144 
OH 17.01 | 34.02) 51.03] 68.04} 85.05] 102.06 | 119.07 136.08 153.09 


12 24 36 48 60 72 4 96 108 
COS ja 88 132 176 220 264 308 352 396 
CO, | 60 120 180 240 300 360 420 480 540 


PO, | 95 |190 285 |380 475 | 570 665 760 855 
PLO, |142, \284- 420 (568 |710 852 994 1136 1278 
Na 23 46 69 Op Iie 138 161 184 207 


K 39.1 | 78.20)117.30|156.40|195.50| 234.60 | 273.70 | 312.80 351.90 


APPENDIX. 


TABLE OF ATOMIC WEIGHTS, 
IncLUDES ONLY THE More ImporTANT ELEMENTS IN CoMMON USE, 


Basis. Os: 


AN UTIL eres ere ees Poe ae Fa RET A wet eR CNA ENA earnest Poi 
ANTIMONY Bacco ec ain ete ees Somes AS) Oia ora Lenihan aaens ors 120.2 
INGSENIC Matoh ner oee eye eee a aloe SAS Pee yael sc eeace eects mice Mee Fi 
Bail Uiin eye cccsaikaneteket eon eee Lene Batese een ie Sins neon ate 137.37 
Bismnutheeaee hierten once hetero Bie Se Racin cane eee 208. 
BOLronta. teres o acta: ates each BAiete cere titcsekc whe robe eee Wat 
BROtiInemeye tt cette ciacna nape eae | BAAS Saket sy Ress baie Slee Oa oo 79.92 
Gadinitinimeercs sorceress ase Gio aeons, Genie hic he erties 112.4 
Galeiiiniae § Senescence eon eters Cae BEN ee ae ce ete ae EE, 40.09 
Gar bors wncre res Meets ore ree ea ae Cte eee nreme nate 12: 
Chlorine’ ry atane sakes ee eto sere rars GI eh eee eae ore TRANS Cte 35.46 
Chromium. fa eonerreane oe hig ee oor Creer a SOR ote Helm T ae 52.1 
Cobalt earmark pita ener aerate Myers (Gonpachi es 58.07 
(Exo) oT) wk ontach isnt NIA cinerea canis Bots (Sitar ter acrh Reticen Rerati ro aes e 63.57 
i OTINe ay renee nett oeaoe mes LEE Sein BR AENEAN RS 19. 

KE {o) Valens sreparsectos Meee oat Bete Re dried wares antes AL eee seerk oye Pears cree pS RA ete 197.2 
Fy drogetiy vrecm tras -teicto slens siedstovere cyspeeel 1 ea cra er eae ering 1.008 
LOGITIO Mave canon Nes ris eerste eee II eRe Sia ots Chamnene Malta Gath oo Ors 126.92 
Ta Orie ota earet ee ore tee inmate hea REED Ste a Sin ATR it se 55.85 
Wedd ee neiera tacit ttaetnetatnin meas mbes Belo re ratealorny erie rent pen Sestedd aint 7 207.1 
eithitimproetna ss ctor eae oes TSI EON Oy peach brane rr sare oe 
INIA ONES IU ease mek ean ane IN U2) Raa Sela My ean nnn en ak 24.32 
MiatiganeSes aires atelier ete MDC hates omis een ts; eumae sere ae 54.93 
Mefclry= ss aaeeeiin ce ore ea TED ei eras eek HS ogee Se 200. 
IMM MisyelSatthoh. a. wosocoeoemeetoum.cc én ac Wi Wels lester ame cans croton s Oram on Oe 096. 
INT CK EL a aan ceiccrac ter Loren iecrnCny eee IN bloaitie Seatac ee See enon esta ren 58.68 
INTEROSENE aio et oe ete ee eee Nira ra cecenh omceenaan cements 14.01 
Oxyoeneer eset. cao eee Oa Aes Sole kee hed Pacer ee eee 16. 
Phosphortsmaceiseas ese Soe Pee ae se ticcon aan eee rt 
Platiniine eee eh oer Piha prod hte Retain cei ren eres 195. 
POtaSSitttitean te sr eee eee so etter eee Sy oes on ee ere cera en 30.1 
Seleniunnwir saree ssi carne aie RSC et REET A RS CH CIS oo SOS 79.2 
SiICOTietit eae re eer aera eee ras SUE ee ae 28.3 
Silvertisysmersey donusiianue nee ont eitee a daa SES RTA Ey SATION, Osan 107.88 
Sodtitine torte hi Sx eee Nahas kita aie ne ern ee 22) 
Strom Uehiro ne ee S art pathel iotara er oe eee eer 87.62 
Sulphttaerncweae ee eae can eons ASEH Dae ee te IR Mets con ks bar Si 32.07 
Sirs aS Bar ee ccs cn ete cee SII baie ca ene Oko Se 119. 
Wiranitinieeeoe ke a eee ee ee UR tie arenas on praca eee 238.5 
Ziti Cure tal eta ote vt a ee LAVIN phe aN ee TOE 65.7 


* International Atomic Weights, 1909. 
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LIST OF THE CHEMICAL ELEMENTS AND 


COMPOUNDS OF IMPORTANCE IN 
VOLUMETRIC ANALYSIS. 


TOGETHER WITH THEIR 
ATOMIC OR MOLECULAR WEIGHTS. 
Basis: O = 16. 


ENCCLON EG chante Nera ee ees eral (GH)e CO; 
UNC GUA CELIC BEL tee lhi estes Teco ahs ae aestet be I O}s, 
SRB AT SETI OLS ez talscie heli es As,Os, 
May BETIZ OIC een a Rte ities aia thom ELG EO; 
Fl el BX) g(r pen anes Rees ae ae TOR H,;BO,, 
“~~ Carbolic. (See Phenol.) 
pen Carbonic. (anhydride) imc sce COR 
Seemee OI O TI Caer tiem wear toe aes (Grey, 
pee CULL CR eae ster a teat aes a eto H;C,H,O, + H.O, 
ee CithicnanhyGdLouspsna ates ee AG nO 
SMOLIN ICH ee ne Ren hans Cree FiGOrEr 
pute Cx cl Li Caeser tare an, eats ate HC,H,;O; + H,0O, 
S— (Gailves evolowibrOuls waodoocssdes ue 7150s, 
EMEDTV ALIOUIC sncaers ota dake mayo oe HI, 
RLV CLOMEOMICe ae eerie ore HBr, 
OS ERI CheeS ORS”  yonsckacsanaentc HCI, 
Soe dehwaheoreinilem os suse Hoorn ae mole HCN, 
eel Gronluorc on ts eames HF, 
7 Jab GheohihoNbele: Gopocssodecatne ieSiEles 
“ Hydrosulphuric. (See Hydrogen Sulphide). 
Surely POphosphOLousy Meee ee EIR EEO 
; [eA CICUR Cre ane oe cree AGH-OF; 
ee NLOly bCiCage et aceon lo tone H,MoO,, 
SRPINILTICAD sot ae aoa obras HNO,, 
See) ClO tates char ania e ee tie EKG Abs, 
BO) LICH atwe Metts Rater tee RO ee H,C,0.-- 2H.0, 
YS” Greilte, eiilenleoe guopcas acca: In Cd Oy. 
eee OSPNOLIC Meee we einstein la eXOys 
MEE NOSPHOLOUS woos ntrete tees EERO 
Sor RSE bey tle. ase as cise en a eee? LGA, OF 
MEMEO CCA TI Corsetti atten fers fee HGH Ox 
SMR SIC CITI Coy nia pet hatte tvs ate aioe EEC OF 
eae Olphantlicwmeserirane rete n. HC,H,( NH.) SO, + 3H.O, 
Se OUlphaniticmanhydroush eae HC,H.(NH,)SO;,, 
SR SUID NULICms gate hove coe cone EES @; 
Pe SUD IUTOUSae acer tenie cose H.SO.,, 
= OF Rea pah Om eek RS CHES Ea EKG BLO} 
Kemdliccbalrt Comeenbreet yr Mean eNE rela A at ca lab GrlalOy, 
pm riChloraceticucis assem HE CLO; 
JANQOY NAYS oe SOR Basen e OEIC Cre NO; 
IMM NOL © dose’ Csehoeanoocsooosnets C,H;OH, 
IANlconolseimetiydice ericrac tee ino e ies CH,OH, 
Nici GCeotassitim maser ore eee AIK (SO,),-+ 12H,0, 
Alum (Potassium), anhydrous ...... AIK(SOQO,)., 
PN iiyretehiink 5 Ue ds aoaeMibou obooddonoD NE Al, 


220 LIST OF CHEMICAL ELEMENTS AND COMPOUNDS. 


PAINT OTM Al Oreste a orev ehatsota toe eote eeaeeere NH,, 
Ammonium ‘A Geta temtsccr. oe Worst INISH CaO). 
BenzOatew on meta NER GH.O> 
ot Bromidepanacas aecmtutyer NH,Br, 
% Carbonate (Normal) ..... (NH,).CO;, 
oS Carbonate (U. S. P.).... NH,HCO;-NH,NH.CO,, 
st Chlorider A mater ea el: 
- GCitrategea en ace eee (NH, \ CLO: 
sy LOGIC Bamana Rena ees NH,I, 
He Mactatesinca scien aterm ING, COs 
5 Magnesium Phosphate .. NH,MgPO,, 
s Moly Ddatetinsacmm cere’ (NH,).Mo,O,, + 4H.O, 
v INGiratemencccc ati NH,NO,, 
< @xalate secuuncm eres (NH,).C,0, + H,O, 
cs Oxalate, anhydrous ..... (NED EGO@s 
i PReérsulphates se csnecceet (ONMSE NES HOy 
iS Salicylatcmeeeee ne eeieee INTRA CAIS EOE, 
BR Sulphatem saeco eee CNE) ESO; 
is and Sodium Phosphate... NH, NaHPO, + 4H,O, 
a Sul piidetpresr cer ae (NH,).S, 
sf Martratewes. ce aeeon wee GN) FeO; 
PPhiocyanateiemdcnc.ee ene NH,SCN, 
ag riiodatems nes cee QNEDERGO:): 
ANTIMONY pri dante he ahh oere west eees ie 
Antimony Oxidem GLiioxide) ier 


and Potassium Tartrate . SRCebONC, H,O, + H,0, 
and Potassium Tartrate, anhydrous, 
K( 


; SO) CAs oy, 

% MricSulphidewecentiemacet Sbios 

s Penta-sulphides.. see saacer Sb.S;, 
Apomorphine Hydrochloride ......... (Cpls oNGysiCl, 
IATSENICY Perea ce ete tae ake oe erates s, 
AT SeniGelOdideme nt micier caleeet core Asl,, 

s iri-Sulphidew@errerrecy-bis tcc Asis; 

¥ Trioxide. (See Acid, Arsenous.) 

w Benta-Sulpiitden seem aereee As.Ss5, 
ALKOPING ernie he mc eae elo cee GrHeNO: 
AtLOpineOulphate mec eer (Gide! waNOs pS Oe 
Baritani i jarst are aera cee Ba, 
Barium Garbonatehernisccect oer eee BaCO,, 

Chlonideuere Moder ee BaCl, + 2H.0, 

ie Chloride, anhydrous ........ Baer: 

x Ghromatemencs- eo eae BaCrQ,, 

“ IDSie satin eet Minions eteio ee BaO,, 

oi Fivdroxtdemeaveen aes a Ba(OH),-+ 8H,O, 

2 Hydroxide, anhydrous ...... Ba(OH), 

se Nitrate uv eerie rian Ba(NO, ye 

iE Sulphate eicacccte. see eer BasOr 

ry Sulphidestancccewe men ne BaS, 
Berberinetprc ct. se revic ace rete Ca HazNO,, 
Benzoyl Sulphinide (Saccharin) ...... C,H;NSO;, 
iBenzaldehy.deeerwae ncaa ete oer CHO; 
Bismuth er weceric ee ene Bi, 
BismuthyCitratem ieee ter eee BKCABEOE. 

xf Nitrate (Normal) .......... Bi(NO,;);-+ 5H,0O, 

. Salicylatesiceanncc. See Bi(@OH) Cy HOs, 

Sulphide ae eee eee Bess 

a Trioxide’: gst Mar ete eee iO}, 
IBOFOn eek cohen caleeite ee eae ee eee 
BoronkelitioxidGascaman ccs astride BLO: 
Bromine yiciiesci ccc usioes peers Br, 
BrOmMOLOrmey ere. secures ee nick CHBr, 
BEG eres ccc ace acl than ioe oe CoH, O,-+ 4H.O, 
Bricine-sanhydrousme seer eee NO} 


17.04 
77.08 
139.10 
97.97 
96.10 
157.14 
53.51 
243.20 
144.97 
107.10 
137.37 
1236.38 
80.06 
142.15 
124.10 
228.24 
155.10 
132.17 
209.14 
68.17 
184.14 
76.13 
544.83 
120.20 
288.40 
664.70 


LIST OF CHEMICAL ELEMENTS AND COMPOUNDS. 


Cadmium 7 ce eee oe Cd, 
Cadmaimmoul phate: teense te eee 3CdSO, + 8H,O, 
Cadmigmysulpiidesyanseam tesa CdS, 
(CESS Iie). Se apt ea meee Rees Cs, 
(Waiheinewee men Mere ae eee CEN, ©; -— EO; 
Cattcinewwanhy.drotism.- aie a eee eee Carn Oy 
Cal ciuiiim smadtercie cote hens samen: Ca, 
Calcium Broimiclem are titerce cere CaBr,, 
Garhonarey rc ron CaAG@s 
ie Chloride Wes en seu cans sok aaa CaCl, + 6H,O, 
ts Chloride, anhydrous ........ Cacie 
4 FF] UOTid Clea aeehn mech eee Cake 
w Elgrdioxidemeaeemaeriicrone ace Ca (OED): 
i lypophosphite a aasessnesek an Ca GiELOn. 
“4 O<Alat erate estore Mel eats CaC,O, + 2H.O, 
Ms ORTOP med etinanigne set ee Ca), 
e PHOS PM ateweiaceie wee bee oe Ca, (PO, yi 
2 Sulphate (Gypsum) ......... CaSO, + 2H,0O, 
S Sulphate, anhydrous ......... (CxS Oy- 
ve Sulphide (Monosulphide) ...CaS, 
Carbone cen eh (Oy 
GarhoneDisulphidemerectactn coer CS; 
Garhonmdlettacilondesri merit mines as Cele 
Weplhaclinemeran te See oe a ie tines C2HiN@; 
Gerilitmeperr sth cok raise oleae re ans Ce, 
Cerin @ xalateesy ecu ceri ee meee Ce.(C,0,);-+ 10H,O, 
Cerium Oxalate; anhydrous ....).....) (COE CHO 
Ghloralanhydrousuen o.senc ee aaa (CABKCO), 
Chiloralipllydtates gras. ocean erreiate C,HC1,0 + H,0O, 
Chlorine Matsa icin sete te A 
Chilo sotoriniwee es. h sore eh aa es ohare CHC, 
Chromitiiniy evr. sorrel Lite ee es Cr, 
Chromium Oxides. eae ste ee Cr OF 
Cinchonidinetea—r ae eee ae, ra lleaNE@) 
Ginchonidine Salicylate ..2..ns20.. 55. C,,H,N,0C,H,O,, 
Ginchonidine-SUlphatemeeniisemerin cece (CiH..N.O).H,SO, + 3H.O, 
Cinchonidine Sulphate, anhydrous .... (C,H..N.O).H.SO,, 
GinchOniiiee re wheres have ete Reiss alee (GEEAINHO! 
Ginchoninen: Sulphate esas cence (Galles N.O) »H,SO + 2H.,0O, 
Cinchonine, Sulphate, anhydrous ..... (CisH»N2O),H»SO,, 
Cobaltsit etree hdc ene mice Co, 
Cocaine en eerie t ie wee CritiNOE 
Cocamnemery diochl onde nantes ete (Cia INCONEKOE 
SOC CIT CHES tree ee aera atta ¢€,.H.,NO; -- H.O; 
anliy drOusmie tase cetarse coxeenon Gra NOs, 
e Phosphate. wy moet C,,H,,NO;H,PO, 4- 2H.O, 
ss Phosphate, anhydrous ....... Gus INO sexo), 
s Sulphate aistalsiat clavadelievel stele etal eteteve CQaay NORV EISO), + 5H,O, 
i Sulphates anhydrous) 22m. .- (GHA NO; sees O; 
(Oleic em tets cree naeee ee ran cel ol Cala IN, 
(Cres abblolat aise cha GGT OE ace ese gldaNG 
(Oley 0) IE Gn aon Han oon mona ere u, 
Cupric Ammonium Sulphate ......... Cu(NH,),SO, + H.O, 
SSI Plraemeatcyrabise sacs oetea ines CuSO, + 5H.O, 
o Stldnatie, cralayclhioks Space Gen CuSO,, 
ie Siti abvalS ase aomcmecene peerermas Ciiss 
Sem T Later cptale setters (ofatastic wattage CuC, H,O, + 3H.O, 
Guprousmihiocyanate weir criti ree CuSCN, 
IDEN Rie AN Ron moe Chon oo Oe er CLHNO, 
Me bile Mey Ea ee crite cates tse: Gis s 
Ferric IN Ce tate meres clo coast tieneirekave wx Fe(C.H,;0.)., 
Ammonium Sulphate ......... Fe(NH,) (SO,)2-+ 12H.0, 
« Ammo. Sulphate, anhydrous ..Fe( NH,) (SO,). 
5-0 (GIRONA? eae, oma io BORA POG FeCl, + 6H,O, 
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Ferric Chioridevanhydrousm rene ete FeCl, 
Hydroxidem occ cece teeices Fe(OH),, 
SamenEly DODLOSpiiitCmen ase eter Fe(PH.O,)s, 
oe Nitrate comme ok rae Fe( NOs), 
Sh tia sci Gpaase eens eaten inher gat tea Fe,O,, 
See hosphiaten lacie crtee scree sata FePQO,, 
“Sulphate (Tersulphate) ...... Fe,(SOx,)s, 
Ferrous Bromidenceey ose ser pica ties FeBr,, 
Carbonatedenn nee cena FeCO,, 
2 Chioridens sear eee Reel: 
ss Todide Sree teria eee ae Fel, 
Soe se C TALE Rechte re coerce eae Fe(C,H;O;). + 3H.0O, 
Seer SUL Pacem yet eet rte aed speters FeSO, + 7H,0O, 
ee OUlphate sanhy.drous scieerm FeSO, 
oe, SOULPhHide mennerant sao mre FeS, 
Fluorine eer ccc eerie eee F, 
Hosmaldehy denen wince ne anesc cries IsECO} 
Glucose. (See Sugar, Grape.) 
GI Cerinaias ne nee rT Tone oro CABO)», 
Gold eA a ree te eer cae u, 
Goldg@hloridew ate nec ceo arervee AuCl,, 
Heroine Hydrochloride ............. Grol (CHO?) NORGE 
Homatropine Hydrobromide ......... olay B re 
Fly RaStime mecnteaticscrecorate eto nla ine Calla 
Hydrastine Hydrochloride ........... (Crile NO, Her 
Hydrastinine Hydrochloride ......... C.H..NO, HCl, 
Hydrogen’ Bac citance etc ere leg 
Ely drocenmD1Oxidem sete er emi: EEO; 
Py drorena sulphide mercer lel5Sp 
Hyoscine Hydrobromide ............. C,,H,,NO,HBr + 3H,O, 
Hyoscine Hydrobromide, anhydrous..C,,H.,NO,HBr, 
Elvoscyamitiemmnn soctriem seme rien AREA). 
Hyoscyamine Hydrobromide ......... CoE NO FEB 
Hyoscyamine Sulphate .............. (CyHoNO; WAEESOy 
TOGING Mtoe er cee ae ee eine li, 
f6dotorincencte eee Ceres CHI 
LOd Olea ethene C,L.NH, 
TONGA ee ae not ee ey seo ee rei Fe, 
Iron Salts. See under Ferric and Ferrous. 
Do 6 (EUR co by enter ONIN hadnt ae ; 
Lead (A CELALCI Corian hai te ee ee rea Pb(C,H,O,).-+ 3H.0O, 
INTHE, HVACR 5558000s6asa00 IP V(ClalOs)) 
Cur bGtia ter ce nice Rede eae (PbCO;)-Eb(ORS) 
MIGHT OTId Chace cie vee cee ee PbCl,, 
Sta Ohromaten vat pide cers ema PbCrOQ,, 
SST Odd Coes ae i ee Ee IPAM. 
SSeNithateueta ow. eden aires Pb(NO,),, 
nol Ob.5 (5 (etch Ee Eh he cee at A oor PbO, 
““Subacetate (approximately) .... Pb, OCG, E@>) 4 
exo ulpliate stock a aaraetee vate pee aes i. 
See Sulphide me cesses hae eee PbS, 
Lime. (See Calcium Oxide.) 
Eeithivima eee cen ee eee iit 
Lithium Benzoatemre 2. ban art ae ee eG OF 
Bromide machin ener Bir 
F Carbonate sant sie ec aaee ICO, 
se Gitrate pitinesacan See ee LiC,H;0,--4H.0} 
Y Salicylatehceurnem ce ee 1G Or 
- Sulphate, anhydrous ......... EeSOs 
Magnesia. (See Magnesium ugar 
Marnesitmun srs eee tee ene 
Magnesium Carbonate (approximately ) (NECO,), Mg(OH),-+ 5H.O, 
RIMS ars. cee en eee MgO, 
3 Sulphatet 24a cheer MgSO, + 7H,0, 


LIST OF CHEMICAL ELEMENTS AND COMPOUNDS. 


Magnesium Sulphate, anhydrous ..... MgSO,, 
Matiganesey raster ane cts cai Mn, 
Manganese Dioxides sae ncaveemne eens MnO. 
Manganese Hypophosphite .......... Mn(PH, O.).-+ H,0, 
Mancanoussoulphate ms sciacsmne ee: MnSO, + 4H,0, 
Manganous Sulphate, Fvdrous Meee: nSO, 
Mercuric- Ammonium Chloride ...... HgCINH,, 
Chlorrdeme ates eee Heer, 
S (Cyan (dl Cama ears ya ten cee Hg(CN),, 
m Tod cl Cama eye ers cen eece twas ts Hel, 
w INitiater vec saree Ge esietsseeee Hg(NO,).+ 4H.0O, 
we INDIMEEIS; hla ChNOMS oa odsnoac Hg en 
sy Oxidene mamta. ce on as HgO, 
ie Potassium~p lodideyea.s. sees Hgl, + 2KI, 
Subsulphatemrnane seem ae Hg(Hg®),SO, 
ty Sulphatemen coe eae ee HgSO,, 
os Sulphidenrw ray chee ean Hes, 
MenrcurousaGhlonides.acsee cents lake, 
te ocdicdemeen. sch oant crt te Hg,I, 
INGRAM Mee eee aca ee Hg, (NO;)2-— HO 
se Sulphatemnvrcch oe. eee Hg.SO,, 
IMCL CUT Vir ter eects, erie eer eee g, 
MiethylOrangewa- 5 socks nok oe eee NaGzhNeSOn 
Moly bdenumicerc cote ee Mo, 
Morphine fain GSS Rina eran G,,H.,.NO; + H.0, 
aval anchor cerns a5 lo pe eminga ae Witelial 
£ INCetabea(Vanlable)aenessane C,HNO.C.H, O, + 3H.0O, 
oS Hivdnochlorid ements: terer C,,H,,.NO;HCl1 + 3H.O, 
ss Hydrochloride, anhydrous... in sh 
e Stl phatem serine mercies (CuH,pNOs)> H, ae A, nko), 
- Sulphate, anhydrous ........ (CEL SNO}) eel 
ING OES Rin ae a tee ee aan ee ar i, 
INitckelousm@ xd cir curr sicrcnains eevee NiO, 
INickelouseSulphatesen.n.mee ast eaceres NiSO, + 7H.0O, 
Nitro senate ene es N, 
OXY Sener: ime iter eae sou totere eee i 
pheno CANctds: Carbolics) = mancceene. (Gale@). 
Bhenolphthaletim asec: hisrcl oe <n tae CHeOe 
PHOSPHOLUS fae een oe ie cere eee Pp; 
phy sostigniineme anne meciias oe Gland Oe 
Physostigmine: salicylate jae. «0.65 (Cane NOME IERO). 
Physostigmine Sulphate ............. (CG BL IN O))alalaslO)- 
PI GRO LORUMMI ie Aeternus ee Aalelen Ole, 
Rilocaipine ser cen socecceisers tae veers lve Na Or. 
Pilocarpine Hydrochloride ........... dab SORIEKOL 
PilOCaLpine mINGuKAT Cpmamier eee a tenn reste s t1H4gN,O.HNO,, 
Platinic Chloride (in solution) ...... Rites 
Pla tiniimlseres essere ican etait «ae cites Pt, 
Potassa. (See Potassium Hydroxide.) 
IPOtassiim a see cicuSo aye rctole eesti ste 
Potassium INCEEAtCE Aree eee ae KG.H.O; 
Arsenite (Metarsinite) ... KAsO., 
oH Benz Oatere ssccc bitten ne KC,H;O, + 3H.O, 
Benzoate, anhydrous ..... IK CARLOS, 
ui Bicarbonate ems ss.ceeetee MHGOs 
4 Bichromate. (See Dichromate. ) 
+ IBisulpiate asc seen cere <HSO,, 
a Bitaneratemancr crime aati KEG EO;, 
wu IBMOmatemlectec renee eer KBrO,, 
“s Bromide: menaeee ace teres KBr, 
wy Garhonateaneccce aur IeCOs 
oY Ghioratewwes ono. menceeee KCIO,, 
% Chlonideevn ec ee meer KCl, 
ue Ghronatemrcee eae ine KeCrO; 
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Potassium Citrateneetionannceneesnee K,C,H;O, + H.O, 
Citrate, anhydrous ....... Ke GH. Oy, 
3 (Cyanid Ciacci serie KCN, 
- Dichtomatearnie scsi eee KECROs 
See eLIOC ALE eer tore stninas nthe KEL COs)s 
a Rernicvani emetsssedetie rt K,Fe(CN ),, 
$° Mennocyantdemayaeser sate Kk oo. 3 Z1BLKO). 
ze Ferrocyanide, anhydrous .. K,Fe 
e LV GnOxdd Geechee terres KOH, 
i Hypophosphite .......... INGPIBIOD, 
rs GC ateme we Nev Ayes cee tceneen te KOs 
ns Ucdidemca sentation eee KI, 
e WaCtatem site tone ae eras INCA SIO}, 
e INT trates tas cari ee rah ters KNO,, 
is Berman canateewera rei ants K,Mn.O,, 
ss ISREEIIVOMENKS cookudnacancas K,C.O, + H.O, 
# Rersuiphatemeceaaceen ore KGSHOe 
Peep ihnosplhatemmaatanne acti cri Re 
4 Salievlates sere per cess IN(CAEICO}s 
v and Sodium Tartrate ..... KNaC, H, 1O;-- 4HO; 
and Sodium Tartrate, anhydrous, 
NECASVO), 
Sulphate siiociot oie KESO)y 
ee Sulphiter pen. eens K,SO; —+ 2H,0, 
HY Sulphite, anhydrous ...... KESOs 
is Mihiocyanatemy eee mseetr KSCN, 
es Lartrate twa. eee en cei: 2K,C,H,O, + H,0; 
ve Tartrate, anhydrous ...... Ke @EL@s 
Py rocallolae ee rnscractas vie a eres (CAEHOs, 
Onmimnidiner Sulphate eee se (C,,H.N.O0;)2HSO, -- 2H,0 
Quinidine Sulphate, anhydrous ....... (CG HNO?) sELSOF 
GO ainimeier ect reese eco ale estas sears C,,H.,N.0. + 3H,O, 
= AfihiydyOUSHe moment eenteaes eeenaae Gr HeNEOs 
BisGlp hat ca mem mere it terete C,,.H»N.O2,H.SO, + 7H,O, 
e Bisulphate, anhydrous ....... Cala NOR EES Oy, 
is Ely drobromid estes cireiccieres C,.H»N.O,HBr + H,O, 
s Hydrobromide, anhydrous ...C.,H.,N,O.HBr, 
ss Hydrochloride tester e ee C,,H2,.N.0,.HCI + 2H,0, 
2 Hydrochloride, anhydrous ...C,H.,N,O,HCI, 
a Salicylateme eee nee AC lal INKOKOAsL On aE IsKOy 
i Sulphatewereatct eee ee ee (GlEEINEO)) ELS O70} 
ip Stlphatesanhydrousm nea ee ( wily NOe) eis OF 
& Valerianate (Valerate) ...... Gree N Os@r EO eed O, 
Resorcinole @Nesorcin) sce seer GHeO: 
Scopolamine Hydrobromide .......... C,,H,,NO,HBr + 3H,O, 
Scopolamine Hydrobromide, anhydrousC,;,H.,NO,HBr, 
Selena pcre econ ee ein ok arcttucs Se, 
TLIC OT were elie ee Ne ie Si, 
Silicon Oxad em (Silica) iteneree eee: SiO; 
SilverQes wee sore eae eee Ag, 
Silver Ghionidemsn ot eee eae AgCl, 
Vanidey ne crn we ete meted eae AgCN, 
See OIG Ee Water ery teh ic rae Agl, 
SSiaeEINI UAC a eine ef obec aneeee AgNO,, 
SPP Omid eraticer etc ecda octet on oR Ag,O, 
A GASKET SD) CLIN craw boars Stra oer AEE Oe Ag.SO,, ' 
ee SUlp hidden Acme ack atin ee. victor Ag.S, 
Soda. (See Sodium Hydroxide.) 
Sodiumpr hee voseuarstiic nt estas teil Na, 
SodimmeuA cetatem scsi secs en ae NaC,H,O, + 3H.O, 
Acetate, anhydrous .......... NaC,H,0O.,, 
$ IAPSEH ALE. heise sore a rere Na,HAsO, + 7H,O, 
S Arsenate, anhydrous ........ Na,H AsO,, 
Ms Arsenite (Metarsenite) ...... NaAsO., 
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Sodium Benzoatercg see. scien ei sitene NaG HO; 
‘Bicanbonatess ese cceenec et NaHCoO.,, 
ef IRISUl pliitemm ce emis sa eee ee NaHSoO.,, 
us Bitantrate ta wts cacti ees NaHC,H,O, + H.O, 
i BOGalpr est tee lee ts Demat Na.B, O, + 10H,O, 
ne IBOEAtC. anilay.GrOUSwersn a eee } a,B,O,, 
% IB ROTMALG cers tie charNetercn Sts sis NaBrO,, 
HS BROMIM eae, eae calat se ee aes NaBr, 
; Carbonates ine ocr eneiie ken Na,CO, + 10H.O, 
o Carbonate, anhydrous ....... Na,C 
SI Carbonate, monohydrated .... Na.CO, SE IEIKO} 
by (Ghiowatenene ne Mae ea tertcrt oe. NaClO,, 
<¢ (Sallonisaleaen ea eens oer ac NaCl, 
5 GSitiatewee ane. cease eae eae Ngee Ele a! + 11H,0O, 
ie Citrate, anhydrous. .......... Na;C, 
io Cobaltie nitrite: 0. ose... inaion s ‘6NaNO, + H,O, 
# TiO elk. pee. ohis Lok ee as INasO} 
SS Ely roxid & Mesures thet cmiiees NaOH, 
i. Eby pophospiitewe case wer ee NaPH,O;-" HO; 
e Hyposulphite. (See Thiosulphate.) 
i odideietacm or etacecicc steaks Sons Nal, 
* leactateharenite cetera NaGe ©; 
# IN tira tesewees. sip tract rourele ok er NaNO.,, 
i INDI Ne REY myek bet packets co Seni aes NaNoO.,, 
ef INWGhOpGUSSICemner kim aters eich ste Na,Fe(NO) Conn + 2H,0, 
* Rerbonategenmc staan aioe sass NaBO; + 4H,O 
Rersulphatemeenesecer cine. o INeSHO}p 
_ IRhosphaitcg ence ostes See opis Na.HPO, SE wal Sl(O). 
oe Phosphate, anhydrous ....... Na,HPO,, 
a RyLOphospnate Uren iuaae asses Na,P.O, + 10H.O, 
Pyrophosphate, anhydrous ...Na,P.O,. 
a Salicylat cum wren cise citron NEYCISHOS, 
< Sulplate mess seen neh ne sees Na,SO, -- 10H.O, 
2 Sulphate, Baiednous ecto sia Na,SO,, 
ss Sul pltegesa oe suse ace usioess Na. SOF sill, ©) 
ss Sulphite, anhydrous ......... Na,SO,, 
RAW AERIS Sey APSO GOAN ae eee NayG; H, ©» oe ASO 
He eRiTOsul platemrantis teerstronre ce Na,S.O ls an 5H 
= Thiosulphate, anhydrous ..... NEBSHOy, 
SPAnlein emery leaner eikoe eae ees eae CISIN, 
Spatteimersulphaten sen salted sa cee Cle NEES O72 45 O} 
Sparteine Sulphate, anhydrous ....... (CHERINAIEES Oe 
Stanmice Chilo rid eee de eieistecets eit act ares Snel 
Sittanmoriss Chlorideme as. acute nc oot SnCl, + 2H.O, 
Sexo stitial, OA etree dcon as are ese Sr, 
Strontium IRIRGIANILAID. 4 Seseiponewinaea noe SrBr,-- 6H.O, 
Bromide, anhydrous ....... SrBin: 
ms Carbonate praerey eas eee SROs, 
s OCU lero ance tnt. Srp OHO} 
< Iodide, anhydrous ......... Silt. 
i [SACtALCTe oun elas enira ee Sr(C,H,;O,).+ 3H.0, 
iY Eactatemanhv@nouse.. secs SyeUGalial One 
“ Salicylate Renae reas Sid, Hy Os 3)» 2H0,; 
1 Sul phiatemerpicsse te cant SrsO; 
Stry chin ceva oma sueio tia ee GC HEN; 
HG INGE RtiiOor orto its Paereena Beer CA NVOSEIN@;, 
Sulphategesan cn vise aden: (C,,H»N.O,)2HSO, + 5H,O, 
¥ Sulphate, anhydrous ....... (C.H»N.O.)2HSO,, 
Siiatey (Cains Ain sods ea Ue moe oe GoutOne 
Sucar Grape sca oe csc cirsausio servers GAlaL AO), 
SIDI MEN all Ce premier tetationanustesecatows five nes ClneOr, 
Siitccioe, INN a iene ese cig vat aneeRa ee Cee OO; = EO} 
Sul pling cer ltarcinalest Nate erepehss Ss, 
Sul phunee Dioxt dems iieee ier nitelo il SOs 
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Ae WLU, Steere een ake; 
fbn herernn Siete tal ora coerce n, 
Tin-Salts. (See under Stannic and Stannous. ) 
Uranium oh, chk ota cee ee 
WiraniumlieNcetatems eerie eet erie UO.(C H,0.),-+ 2H.O 
NN ATTA ac Ween pus Semen Oe ane epee AO) 
ZANC soe ies pian ay ae Ae ENR ee Zn, 
Zinc IN CEtAte rey eee eRe nee Zn(C,H;0.).—+ 2H,0, 
INCE, QUIN GNOS soguonacoconk aes KOK) 
ME guide eee ee Zn 
1 Carbonates (normal, mote Usoubes ie one, 
ae COLIde teas eeitere alae tere ZnCl,, 
Pe erliodidled eet: tukctant nots tre sate aeons Zire 
eh LObadtoe § \eeeteny Gq SPen eet on ernest one rg ns ZnO, 
SME TOS DiC eMiente.mince acim ioe Zn,P. 
CPR Sl phates cee mak eis ZnSO, + 7H.O, 
esulphatewanhydrouss sere ote: 7350), 
PemOUIphidet peat Pen eioer eerie okie LNs 
SSG NOCVAMOINS oo ocradoatavador wane (ORD SO) Hy 8H.O, 
S Valerianate’ CValerate) 2. .5.ce: Zan (Gre Oss = 2s 


127.50 
119. 


238.50 
424.60 

18.02 

65.70 
219.80 
183.76 
225.54 
125.70 
136.62 
319.54 

81.70 
259.10 
287.91 
161.77 

97-77 
556.10 
303.92 
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A 


Acetate and subacetate of lead, de- 
termination of, 110 
Acetone, determination of, 178 
Acid, arsenous, tenth-N V.S., 104 
benzoic, 86 
boric, determination of, 78 
chromic, determination of, 148 
gallic, 86 
hydrochloric, normal V.S., 49 
preparation and_ standardiza- 
tion, 49 
determination, 77 
hydrofluoric, determination of, 82 


hydrofluosilicic, determination of, 
83 

hypochlorous, determination in 
presence of chlorine, 140 

hypophosphorous, determination 
of, 77, 119 


nitric, determination of, 77 
oleic, determination of, 85 
oxalic, determination of, 108 
tenth-N V.S., 100 
phosphoric, determination of, 77, 
80 
salicylic, 86 
determination of, 213 
succinic, anhydride of, 42 
sulphuric, normal V.S., 52 
sulphuric, 211 
determination of, 77 
sulphurous determination of, 129 
tannic, 86 
volumetric solutions: 
half-normal, 52 
fiftieth-N, 53 
fifth-N, 52 
hundredth-N, 53 
tenth-N, 53 
twenty-fifth-N, 53 
Acidimetry, 77 
Acidity of alcoholic liquids, determina- 
tion of, 88 
Acids, equivalents of, 91 
determination of 


inorganic, 
stronger, 77 
organic, determination of 


stronger, 84 
standard V.S., 49 
Action of certain indicators, theory of, 
29 
Alcoholic-KOH, colorless, 48, 49 
empirical, V.S., 48 


Alcoholic liquids, acidity of, 88 
All-glass burettes, 18 
Aliquot, portions, 23 
Alizarin, 37 
Alizarin (S), 37 
Alkali, fiftieth-normal V. S., 47 
fifth-N, 46 
half-N, 46 
hundredth-N, 47 
tenth-N, 46, 47 
twenty-fifth-N, 47 
Alkali phosphate, standardization with, 
169 
Alkalies, organic salts. of, determina- 
tion, 60, 61 
standard V.S., 44 
Alkaline cupric tartrate, 
WSs at 
Alkalimetry, 54 
Alkaloid, purification of the extracted, 
70 
Alkaloidal residues, 70 
Alkaloids, by potassium-bismuth iodide, 
75 
determination of, 67 
equivalents of, 90 
general properties of, 67 
separation from solution, 68 
solubility of, 67 
testing for, 68 
titration by Gordin’s method, 75 
by Thoms’ method, 75 


standard 


Ammonia, determination of, 56, 202, 
203 
distilling apparatus, 56 
Ammoniated mercury, determination 
Olsros 
Ammonium carbonate, determination 
of, 60 


compounds, determination of, 155 
ferric sulphate solution, 172 


ferrous sulphate, standard V.S., 
T2655 26 

hydroxide, determination of pyri- 
dine in, 76 


hydroxide solution, 209 

molybdate solution, 213 

nitrate solution, 208 

salts, determination of, 202, 203 

standard solution, 202 

triiodate, preparation of, 95 
Analysis, gravimetric, 1 

volumetric, 1 
A-naphthol azobenzene sulphonic acid, 


42 
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Aniline acetate solution, 216 
Anions, 26 
Antimonic compounds, 
of, 147 
oxide, determination of, 149 
Antimony and potassium tartrate, de- 
termination of, 134 
Antimony in antimonous 
determination of, 135 
Apparatus, 11 
distilling, Bunsen’s, 150 
DeKoninck’s, 152 
Fresenius’s, 151 . 
Arsenic pentoxide, determination of, 
149 
trioxide, determination of, 133 
preparation of pure, 95 
Arsenous acid, tenth-N V.S., 104 
compounds, determination of, 132 
iodide, 133 
sulphide solution, standard, 212 
Assay, method of Lloyd, 74 
of drugs and their preparations, 72 
of silver, 186 
Atomic weights, table of, 218 
Available chlorine, determination of, 
139 
in presence of chlorate, 140 
in presence of chlorite, 140 
Azo-a-naphthol sulphonic acid, 40 
Azolitmin, 37 


determination 


compounds, 


26 
Balance, 11 
Barium chloride, standard V.S., 191 
hydroxide, tenth-normal V.S., 47 
preparation of, 47 
Bases, equivalents of, 89 
inorganic, 54 
insoluble or sparingly soluble, de- 
termination of, 64 
organic, 67 
soluble, 54 
Benzaldehyde, 216 
standard solution, 216 
Benzoic acid, 86 
Benzopurpurin (B), 37 
Benzoyl sulphinide, 214 
Bismuth, determination of, 
iT 
standard solution, 210 
Blank titration, 11 
Bottle, dropping, 33 
Borax, determination 
acid, 79 
Boric acid, determination of, 78 
in butter, 80 
in foods, 80 
determination of, 


187, 189, 


through boric 


Bromate, 
183 
Bromates, determination of, 148 
Bromine, determination of free, 138 
tenth-N V.S., 171 
standardization of, 172 


LUG fy Ute 
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¥ 


Bromide, determination of, 174 
and chloride together, 179 
Bunsen’s distilling apparatus, 150 

‘valve, 97 
Burette, connection by syphon, 18 
milk-back, 17 
Mohr, 12 
stand, 14 
support, Tuttle’s, 15 
Burettes, 12 
all-glass, 18 
calibration of, 22 
container for filling of, 18 
Gay-Lussac, 13 
position in titration, 8 
reading of, 14 
Butter, boric acid in, 80 


Cc 
Calcium, determination of, 108 
phosphate, standardization with, 
170 


Calibration of burettes, 22 
of cylinders, 22 
of flasks, 20 
of measuring vessels, 20 
Calculation of results, rule for, 24 
Cane sugar, determination of, 195 
Carbonates and bicarbonates, determi- 
nation of soluble, 59 
determination of, 63 
Carbon disulphide, determination of, 158 
Cations, 26 
Cerium oxide, determination of, 149 
Chloral hydrate, determination of, 177 
Chlorate, determination of, 182, 183 
Chlorates, determination of, 117, 148 
Chloride and bromide together, 179 
and iodide together, 179 
bromide and iodide together, 179 
determination of, 174 
in presence of cyanide and _ thio- 
cyanate, 182 
Chlorine, determination of free, 138 
of available, 139 
in chlorinated lime, 139 
in chlorinated potassa, 139 
in chlorinated soda, 139 
Chloroform, determination of, 177 
as indicator, end-point with, 102 
Chromates, determination of, 148, 149 
Chromic acid, determination of, 148 
Chromium, determination as chromate, 
158 
Classification of indicators 
neutralization reactions, 31 
Cochineal, 38 
Ceerullin, 39 
Color comparator, Leed’s, 201 
Colorie, 200 
Colorimeter, Dubosc-Soleil’s, 201 
Colorimetry, 199 
Color tubes, 200 


used for 


INDEX. 


Comparison of colors, determinations 


by, 199 
of indicators, 32 
Compound ethers, 88 
Concentration of titrated solutions, 33 
Congo red, 38 
Container for charging of burettes, 18 
for standard alkali, V.S., 45 
Copper acetate, standard V.S., 158 
Copper, determination of, 114, 143, 156, 
186, 208 
by KCN, 207 
standard solution, 208, 209 
Corallin-malachite green, 38 
Correction factors for liquid expansion, 
table of, 6 
Cupric tartrate, alkaline, standard V.S., 
171 
Curcumin (W), 38 
Cyanide and thiocyanate together, 181 
determination of soluble, 180 
in the presence of chloride and 
thiocyanate, 182 
titration, 174 
Cylinders, Hehner’s, 200 
calibration of, 22 
measuring, 19 


D 


Determinations by 
colors, 199 
by neutralization, 26 
by oxidation and reduction, 93 
by precipitation, 163 
DeKoninck’s distilling apparatus, 152 
Description of indicators, 34 
Diazoanthraquinon, 37 
Direct methods of analysis, 24 
Direct oxidizing agents, 92 
percentage expressions, 23 
titrations, 127 
in presence of indicator, 173 
without indicator, 173 
weighing, 11 
Dichromate of potassium, preparation 
of pure, 94 
tenth-N V.S., 99 
Dichromates, determination of, 148 
Dioxide of manganese, determination 
Ob Wiig. 148 
Double-normal V.S., 4 
Dragendorft’s reagent, 75 
Drop end-point, 10 
end-reaction, 10 
Dropper, Schuster’s, 33 
Dropping bottle, 33 
Drugs and their preparations, assay of, 
72 
Drugs, powdered, 72 
Dubosc-Soleil’s colorimeter, 201 


comparison of 
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E 


Effect of indicators on results of ti- 
trations, 32 
of light and heat on titration, 32 
Electrolytes, 26 
equilibrium of, 27 
halogens in, 177 
Empirical V.S., 5 
of potassium cyanide, 167 
of potassium ferrocyanide, 167 
of potassium hydroxide, alcoholic, 
48 
of iodate, 156 
of uranium acetate, 169 
Emulsions, 69 
filtration of, 69 
End-reaction, 9 
ascertaining of, 10 
End-reactions, 93 
End-point with chloroform as indicator, 
102 
Equilibrium of electrolytes, 27 
Equivalent quantities, 2, 3 
in normal V.S., 4 
Equivalents of acids, 91 
of alkaloids, 90 
of bases, 89 
of organic salts of the alkalies, 89 
relation of, 55 
tables of, 89, 160, 197 
Ethers, compound, 88 
Expansion of liquids, correction for, 6 
Extracts, treatment of, 73 
Extracted alkaloid, purification of, 70 


F 
Factors, 24 
derivation of, 25 
for correction of liquid expansion, 6 
Fats and oils, iodine number of, 159 
saponification number of, 86 
Fatty acids, volatile, number of, 87 
Fehling’s solution, 171 
standardization with pure sugar, 171 
Ferric ammonium sulphate solution, 172 
chloride, 213, 
chloride in HCI, 215 
compounds, iron in, 206 
salts, determination of the 
ganic, 141 
determination of the organic, 
142 
Ferricyanide, determination of, 121 
of potassium, solution, 125 
Ferrocyanide, determination of, 120 
of potassium, as indicator, 94 
Ferrous-ammonium sulphate, standard 
WSa, my Te 
Ferrous chloride, standard V.S., 115 
salts, determination of, 125, 146 
sulphate, standard V.S., 117, 118 
Fiftieth-N acid V.S., 53 
ealilht WiGShy ZY 


inor- 
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Fifth-N acid V.S., 52 

alkali V.S., 46 
Filling of burettes, 16 
Filtration of emulsions, percolator for, 

69 

Fixed acids in alcoholic liquids, 88 
Flasks, measuring, 19 

calibration of, 20 

for titrations, 8 
Floats, 15, 17 

for dark colored liquids, 15 
Fluidextracts, 73 
Fluorescin, 39 
Foods, boric acid in, 80 
Formaldehyde, determination of, 85, 

154 

cyanide method for, 188 

in milk, 215 

standard solution, 215 
Formic acid, 86 

determination of, 122, 154 
Fraction normal V.S., 4 
Fresenius’s distilling apparatus, 151 
Furfural, determination of, 216 

standard solution, 216 


G 
Gallein, 39 
Gallic acid, 86 
Gay-Lussac burettes, 13 
General maxims, 25 
Glaser’s classification of indicators, 31 
Glycerin, determination of, 126 
Glycerites, 74 
Glycerol-soda solution, 87 
Goeckel’s meniscus reader, 16 
Gold, determination of, 212 
Gordin’s method of titration of alka- 
loids, 75 ‘ 
Gravimetric analysis, 1 
standardization of normal HCl 
WAS Bi 


H 


Half-normal acid V.S., 52 
alkali V.S., 52 
alkali free from CO,, 46 
Halogens, determination of in soluble 
binary compounds, 174. 
in nonelectrolytes, 177 
Haloid salts, ternary, 176 
Hanus’s iodine solution, 159 
Heating under return condenser, 79 
Hehner’s cylinders, 200 
Helianthin, 34 
Hematoxylin, 39 
Hot solutions, titration of, 8 
Huebel’s iodine solution, 159 
Hundredth-N acid V.S., 53 
allcalieiVetSe0047: 
Hydrocyanic acid, determination of, 180 
Hydrochloric acid, normal V.S., 49 
determination of, 77 


INDEX. 


Hydrofluoric acid, determination of, 82 
Hydrofluosilicic acid, determination of, 
83 
Hydrogen peroxide, 
106 
Hydrogen sulphide and_ soluble 
phides, determination of, 131 
Hydrogen sulphide, determination of, 
I2I, 183 
in mineral water, 212 
solution, 209 
Hydrolysis, 28 
Hydroxides, soluble, determination of, 
54 
together with carbonates, 62 
Hypobromite, standard V.S., 154, 155 
Hypochlorite solution, 203 
Hypochlorous acids in presence of 
chlorine, determination of, 140 
Hypophosphorous acid, determination 
Oy Pi Bue 


determination of, 


sul- 


I 


Indicators, 10 
comparison of, 32 
description of, 34 
effect on titration results, 32 
for neutralization reactions, 31 
for oxidation and reduction meth- 
ods, 94 
for precipitation methods, 172 
general principles, 29 
Glaser’s classification of, 31 
theory of action of certain, 29 
Wagner’s classification of, 31 
Indicator, quantity used, 33 
interference with, 33 
Indigo, added to methyl orange, 35 
solution of, 123 
Indirect methods of analysis, 24 
oxidation methods, 127 
oxidizing agents, 92 
Inorganic acids, 77 
bases, 54 
Interference with indicators, 33 
Iodates, determination of, 148, 183 
Iodeosin, 39 
Iodide and chloride together, 179 
Iodides, determination of soluble, 153 
Iodine absorption number of fats and 
oils, 159 
determination of, 137 
solution, 137 
(Hanus’s), 159 
(Huebel’s), 159 
tenth-N V.S., 104 
tincture, 137 
Todoform, determination of, 177 
Iodometric methods, 136 
direct titration in, 137 
indirect titration in, 138 
Ionization, effect on titration, 28 
Ions, 26 


INDEX. 


Iron, determination of, 111, 206, 207 
in ferric compounds, 112, 141, 
206 
in ferrous compounds, 111, 146 
reduced, 135 
standard solution, 206 


K 


Keeping of V.S., 7 
Kindsiot -V.s.03 
Koettstorfer number, 86 
Koppeschaar’s solution, 171 


L 


Lacmoid, 40 
Lead acetate and subacetate, determi- 
nation of, 110 

peroxide, determination of, 148 

standard solution, 210 
Lead, determination, in nitrate, 111 

in citric and tartaric acids, 210 
Leed’s color comparator, 201 
Lime, chlorinated, available 

in, 139 

Liquids, expansion of, 6 
Liter, Mohr, 20 
Litmus, 36 

properties and uses, 36 
Litmus paper, blue, 36 

neutral and red, 37 

Lloyd’s method of assay, 74 


chlorine 


M 


Magnesium, determination of, 145 
oxide in ammonia determination, 59 
Manganates, determination of, 149 
Manganese, determination of, 211 
dioxide, determination of, 113, 148 
sulphate solution, 112 
Malt extract, determination of maltose 
in, 194 
determination of 
value of, 195 
Maltose in malt extract, 194 
Mandarin orange, 34 
Manipulations, 22 
Marquis’s reagent, 215 
Maxims, general, 25 
Mayer’s reagent, 68 
Measuring cylinders, 19 
calibration of, 22 
Measuring flasks, 19, 20 
calibration of, 20 
Measuring vessels, 12 
calibration of, 20 
Meniscus, 15 
reader, Goeckel’s, 16 
reading with device, 16 
Mercuric potassium iodide solution, 68 
alkaline, 202 


diastatic 
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Mercury, ammoniated, determination 
of, 83, 
in mercuric salts, 144 
in mercurous chloride, 146 
Metals precipitated by Na,CO,, de- 
termination of soluble salts of, 66 
Method of analysis, 24 
of assay, Lloyd’s, 74 
Methyl alcohol, aldehyde-free, 216 
Methyl aurin, 41 
orange, 20, 34 
properties and uses, 35 
Methyl orange papers, 36 
Methyl red, 41 
Milk, formaldehyde in, 215 
Milk-back burette, 17 
Milliliter, 20 
Mineral water, hydrogen sulphide in, 
Bee 
Mohr liter, 20 
Morphine, determination of, 215 
solution, 215 
standard solution, 215 
Multiples, table of, 217 


N 


Naphthylamine hydrochloride solution, 
204 
Nessler tubes, 201 
Nessler’s reagent, 202 
Neutralization, determinations by, 26 
reactions, 26 
Nickel, titration of, 191 
Nitrate of lead, titration of, 111 
of silver, solution, 94 
Nitric acid, determination of, 77 
Nitrates, determination of, 115,124, 205 
standard solution, 205 
Nitrites, determination of, 114, 204 
standard solution, 204 
Nitrose, 153 
Normal alkali 
with, 49 
hydrochloric acid, V.S., 49 
preparation and _ standardiza- 
tion of, 49, 50, 51 
potassium hydroxide V.S., 44 
sodium hydroxide V.S.,.45 
sulphuric acid V.S., 52 
volumetric solutions, 3 
equivalents contained in, 4 


V.S., standardization 


O 


Oleic acid, determination of, 85 
Ointments, 74 

Orange I, 42 

Orange IV, 41 

Organic acids, determination of, 84 


bases, 67 ; 
salts of the alkalies, determination 
of, 60 


equivalents of, 89 
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Order of titration, 32. 
Orseille, 40 
Oxalic acid, determination of, 108 
preparation of pure, 43, 44 
tenth-N V.S., 53, 100 
Oxidation, 92 
determination by, 92 
determination by direct, 106 - 
reactions, 92 
indirect, methods of, 127 
Oxides and carbonates, determination 
of, 64 
12 


Paranitrobenzen, 40 
Paranitrophenol, 41 
Pararosolic acid, 41 
Patent-blue V, N as indicator, 76 
Perborates and percarbonates, 119 
Percarbonates and perborates, determi- 
nation of, 119 : 
Percentage expressions, direct, 23 
Peroxide of hydrogen, determination 
of, 106 

of lead, determination of, 148 
Peroxides, determination of, 149 
Permanganate of potassium, tenth-N 

Vise 95 

Permanganates, determination of, 120 
Persulphates, determination of, 118, 149 
Phenacetolin, 41 
Phenol, determination of, 196 
Phenoldisulphonic acid, 204 
Phenolphthalein, 29 

paper, 34 

properties and uses, 34 
Phosphoric acid, determination of, 77, 

80, r92 
and phosphates, 213 

Phosphate, standard solution, 213 
Phosphates, determination of soluble, 82 
Pipettes, 17, 20 

calibration of, 21 

discharging of, 21 
Poirrier’s orange III, 34 
Position of burette in titration, 8 
Potassium arsenite solution, 133 

bitartrate, preparation of pure, 43 


standardization of KOH V.S. 


with, 44 
chromate solution, 172 
standard V.S., 189, 191 
cyanide, 209 
empirical V.S., 167 
solution, 209 
dichromate, preparation of pure, 94 
tenth-N V.S., 99 
titration with standard V.S. 
Olmnes 
ferricyanide solution, 125 
ferrocyanide, 94 
ferrocyanide, empirical V.S., 167 
solution, 173, 208 
hydroxide, normal V.S., 44 
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Potassium hydroxide, preparation and 
standardization, 44, 45 
Potassium iodate, empirical V.S., 156 
iodide solution, 173, 203, 211 
permanganate, standard _ solution, 
Zit 
tenth-N V.S., 95 
twenty-fifth-N V.S., 123 
Powdered drugs, 72 
Precipitation, determinations by, 163 
Preparation of volumetric solutions, 7 
Purification of extracted alkaloid, 70 
Pyridine, determination of, 76 
in ammonium hydroxide, 76 


Q 


Quantities, equivalent, 3 
Quantity of indicator, 33 
of sample for titration, 23 


R 


Raschig’s method for phosphates, 82 
Reading of burettes, 14 

with a device, 13, 14 
Reagent, Dragendorff’s, 75 

Marquis’s, 215 

Mayer’s, 68 

Nessler’s, 202 

Schiff’s, 216 
Reagents for ammonia distillation, 57 
Reaction, end of, 9 
Reactions, neutralization, 20 

oxidation and reduction, 92 

precipitation, 163 
Reduced iron, determination of, 135 
Reducing sugars, determination of, 193 
Reduction, 92 
Relation of equivalents, 55 
Return condenser, 79 

heating under, 79 
Residual titration, 8, 174 
Residues, alkaloidal, 70 
Resinoids, 73 
Resorcin blue, 40 
Results in determinations, 
of, 24 

checking of, 22 
Rosolic acid, 41 
Rule for calculation of results, 24 


calculation 


Se 
Saccharin, determination of, 214 
Salicylic acid, 86 
determination of, 213 
standard solution, 213 
Sample, quantity for a titration, 23 
Saponification number, of fats and oils, 
86 
Schiff’s reagent, 216 
Schmatolla’s method for pure oxalic 
acid, 44 
Schuster’s dropper, 33 
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Selection of indicators, 31 
of litmus, methyl orange and 
phenolphthalein, 37 
Separators, 68 
Shaking out process, 67 
Silver, assay of, 186 
determination of (Mohr), 184 
(Volhard), 185 
preparation of pure, 165 
Silver nitrate solution, 94 
tenth-N V.S., 165 
Simple titrations, 8 
Sodium alizarin sulphonate, 37 
; carbonate, preparation of pure, 43 
standardization of acid with, 
49 
tenth-N V.S., 47 
chloride, preparation of pure, 166 
standard solution, 205 
tenth-N V.S., 166 
diazo-benzidin naphthionate, 38 
dioxide, determination of, 107 
hydroxide, normal V.S., 45 
phenyl-amido-azobenzol 
nate, 41 
thiosulphate, tenth-N V.S., ror 
Soluble bases, 54 
carbonates and bicarbonates, de- 
termination of, 59 
hydroxides, determination of, 54 
phosphates, determination of, 82 


sulpho- 


salts of metals precipitated by 
sodium carbonate, determina- 
tion, 66 


Stand, burette, 14 
Standard volumetric solutions, 2, 3 
of acids, 49 
of alkalies, 44 
Standard alkali V.S., container for, 45 
alkaline cupric tartrate V.S., 171 
copper acetate V.S., 158 
barium chloride V.S., 191 
ferrous ammonium sulphate V.S., 
T25.0b20 
hypobromite V.S., 154, 155 
potassium-chromate V.S., 189 


dichromate V.S., titrations with, 
125 

permanganate V.S., titrations with, 
106 

silver nitrate V.S., titrations with, 
173 

sodium thiosulphate V.S.,_ titra- 


tions with, 136 © 
Standard solution, of ammonium salt, 
202 

of arsenous sulphide, 212 
of benzaldehyde, 216 
of bismuth, 210 
of copper, 208, 200 
of ferrous chloride, 115 
of ferrous sulphate, 117, 118 
of formaldehyde, 215 


Standard solution, of furfural, 216 

of iron, 206 

of lead, 210 

of morphine, 215 

of nitrate, 205 

of nitrite, 204 

of phosphate, 213 

of potassium permanganate, 211 

of salicylic acid, 213 

of sodium chloride, 205 
Standard temperature, 5 
Standardization of bromine solution 

with thiosulphate, 172 


of Fehling’s solution with pure 
cane sugar, 171 
of tenth-N iodine with thiosul- 
phate, 104 
with arsenous acid, 105 
of tenth-N potassium permanga- 


nate with oxalic acid, 96 
with metallic iron, 97 
with thiosulphate, 99 
of tenth-N thiosulphate V.S., with 
potassium dichromate, Io1 
with potassium permanganate, 
102 
with ammonium triiodate, 103 
with potassium diiodate, 103 
with silver nitrate, 103 
Standardization with alkali phosphate, 
169 
with calcium phosphate, 170 
with tenth-N silver nitrate, 166 
with zinc or zine oxide, 168 
Starch, determination of, 195 
solution, 94 
Stronger acids, determination of, 77 
organic acids, determination of, 84 
Subdivisions of volumetric analysis, 24 
Succinic acid, 42 
anhydride of, 42 
Sugars, 193 
determination of reducing, 193 
Sulphanilic acid solution, 204 
Sulphates, determination of soluble, 191 
Sulphides, determination of soluble, 183 
Sulphites and bisulphites, determina- 
tion of, 128 
and thiosulphates together, 130 
Sulphurous acid, determination of, 129 
Sulphuric acid, normal V.S., 52 
determination of, 77 
Syphon-connection for burettes, 18 


Syrups, 74 
T 


Table of atomic weights, 218 
of factors for temperature cor- 
rection of liquids, 6 
of multiples, 217 
Tables of equivalents, 89, 160, 197 
Temperature, correction factors for, 6 
standard, 5 
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Tannic acid, 86 
Tannin, determination of, 123 
in wine, 124 
in spices, 124 
Tartrate of antimony and potassium, 
determination of, 134 
Tenth-normal acid V.S., 53 
alkali V.S., 46 
arsenous acid V.S., 104 
barium hydroxide V.S., 47 
bromine V.S., 171 
iodine V.S., 104 
oxalic acid V.S., 53, 100 
potassium dichromate V.S., 99 
potassium permanganate V.S., 
95 
silver nitrate V.S., 165 
sodium carbonate V.S., 47 
sodium chloride V.S., 166 
sodium thiosulphate V.S., 1o1 
thiocyanate V.S., 166 
volumetric solutions, 4 
Ternary haloid salts, 176 
Testing for alkaloids, 68 
Tetraiodofluorescein, 39 
Theory of action of certain indicators, 
29 
Thiocyanate, determination of, 181 
in presence of chloride and cya- 
nide, 182 
tenth-N V.S., 166 
together with cyanide, 181 
Thiosulphate, determination in presence 
of sulphite, 131 
of sodium, tenth-N V.S., ror 
Thiosulphates, determination of, 127 
Thom’s method of determination of 
alkaloids, 75 
Tin, determination of, 136 
Tinctures, 74 
Tintometry, 199 
Titrated solutions, concentration of, 33 
Titration, blank, 11 
by weighing, 9 
effect of ionization on, 28 
effect of light and heat on, 32 
flasks, 8 
method, of Gay-Lussac, 173 
of Liebig, 174 
of Mohr, 173 
of Volhard, 174 
of alkaloids, 71 
order of, 32 
position of burette in, 8 
residual, 7 
simple, 7 
Titrations, direct, 127 ; 
with standard silver nitrate V.S., 
173 
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with standard potassium 
permanganate V.S., 106 
potassium dichromate V.S., 125 
sodium thiosulphate V.S., 136 
Trichloracetic acid, determination of, 
177 
Tropeolin (OO), 41 
Tropeolin (OOO), 42 
Tubes, color, 200 
Nessler’s, 201 
Turmeric, 42 
Tuttle’s burette support, 15 
Twenty-fifth normal acid V.S., 53 
alkali V.S., 47 
potassium-permanganate 
WES 2233 


U 


Uranium acetate solution, 173 
empirical V.S., 169 


Vv 


Valve, Bunsen’s, 97 
Volatile acids in alcoholic liquids, 88 
fatty acid number, 87 
Volhard’s solution, 166 
Volumetric analysis, 1 
subdivisions of, 24 

Volumetric solutions, 2, 42, 93, 94,165 
double-normal, 4 
empirical, 5 
fraction-normal, 4 
fifth-normal, 4 
fiftieth-normal, 4 
half-normal, 4 
hundredth-normal, 4 
kinds of, 3 
normal, 3 
preparation and keeping, 7 
standard, 2, 3 
tenth-normal, 4 
twenty-fifth-normal, 4 


W 
Wagner’s classification of 
31 

Water, nitrate and nitrite in, 205 

ammonia-free, 202 

ammonia in, 205 
Weighing, 11 

direct, 11 

by difference, 11 

by substitution, 12 


Z 
Zinc, determination of, 190 
oxide, standardization with, 168 
standardization with, 168 
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